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DIGITAL DATA TRANSMISSION KYSTBM 

BACKGROUND 01' Till! INVENTION 

1. rield of the Invention 

The present invention relates lo a digital data transmission 
syslum and, more particularly, lo a method of ira remitting a 
frame pulse signal in parallel with dala principally within a 
device in a communication .system using frames, packets, 
and the like- |D 

2. Description of the Background Art 

{•Of I rami: syrchroniyalion, convent ionai frame synchro- 
nization type digiLaJ data communication systems have 
employed two methods: a fust method wherein a Iransmhter 
iransmils data m which a (nunc pa Item is embedded and a n 
receiver delects a frame pulse signal from tbe data, and a 
second method wherein a transmitter transmits a frame pulse 
signal in parallel with data. 

In general, the first method is employed for data trans- 
mission between devices, and the second method is 2t> 
employed for data transmission within a device. Id some 
cases, for bit synchronization with dais lo be received, Ihe 
receiver comprises a clock recovery circuit and the trans- 
mitter also transmits a clock in parallel with data. 

FIG. 31 is a block diagram shoving the transmission of a 25 
frame pulse signal and a clock in parallel with digital data. 
As shown, a transmitting portion 39 transmits data DA, a 
frame pulse signal FP, and a dock CK from drivers 33 to 35 
provided therein through transmission lines 51 lo 53 respec- 
tively to a receiving portion 49. Tn FIG. 31, the reference 30 
numerals 31 and 32 designate flip-flops for processing the 
data DA and the frame pulse signal FP. The transmission 
lines 51 lo 53 arc formed by wires* cables, printed wiring, 
and lb* like. 

The receiving portion 49 comprises drivers 43 lo 45 for * l5 
receiving the data DA, the frame pulse signal FP, and the 
clock CK through the transmission lines 51 to 53, and 
Hip-flops 41 and 42 operating in synchronism with the clock 
CK tor performing signal processing based on tbe data DA 
and the frame pulse signal FP. Examples of the clock CK, the 40 
frame pulse signal FP and the data DA are shown io FIG. 32 

The receiving portion 49 is provided for each board 
corresponding to one or more transmitting LSI circuits of a 
uransnrilicr. A$ 

Ihe digital dam transmission system which contains a 
plurality of lines like a switching system io the above 
described manner to transmit the data,, tbe frame pulse 
signal, and tbe clock in parallel in opposite directions for 
each tine Is disadvantageous In thai the number of input/ 5£J 
output pins of an interface LSI circuit or the number of 
inpu 1/outpuL connectors of a board limit tbe number of linos 
to be contained 1 in the digital data transmission system. 

PIG. 33 illustrates the connection between N interface 
LSI circuits 61 .to 6N (wbcre N is a natural number) and a 55 
single NxN switch LSI circuit 60. As shown, since each of 
the interface LSI circuits 61 lo 6N has six pins for trans- 
milling and receiving the data DA, the frame pulse signal FP, 
and the clock CK, the swiicb LSI circuit 60 needs 6-N 
input/output pips. The interface LSI circuits 61 to 6N 60 
comprise 2-bit output buffer groups G21 to G2N, and 3-bit 
input buffer groups G31 to G3N, respectively. The switch 
LSI circuit 60 comprises 3bil Output buffer groups G4J lo 
G4N, and 3-bU input buffer groups G5J to G5N- 

M-bil parallel transmission/reception of ifce data DA &5 
requires 2(2+M) input/output pins in each of Ihe interface 
LSI circuits and accordiagly requires 2(2+M) N pins in the 



,888 Bl 

2 

swilch lJhSJ circuit 60. Since the swiicb 1SI circuit 60 
requires additional pins for a control signal, the number of 
lines to be contained in Ihe digital daui transmission system 
(the number of conncctahlc interface I SI circuits) \* limiiud 
due to the shortage or pins. 

'I7u> conventional digital data transmission system con- 
structed us above described has required a great number of 
signal lines when the system must transmit the digital daUi, 
the frame pulse signal f and the clock. 

Additionally, the frame pulse signal has been multiplexed 
wilh the digital data heretofore. However, because of the 
irregularity of Ihe digital data, much lime and high costs are 
required for Ihe multiplexing of signals in a transmitter and 
the separation of the signals lo a receiver. 

SUMMARY OF TIU£ INVENTION 

A first aspect of the present invention is intended for a 
digital data transmission system for transmitting digital data 
in a frame syDchronizalion manner. According lo the present 
invention, the digital data transmission system comprises a 
transmitting portion for transmiuing digital data, and a 
receiving portion for receiving the digital data, the trans- 
mitting portion comprising a clock multiplexing circuit for 
multiplexing a frame pulse signal for frame synchronization 
with a clock having a predetermined period to output a 
multiple clock lo U» receiving portion, the receiving portion 
comprising a clock recovery circuit for reproducing the 
clock from Ihe multiple clock lo provide a recovered clock 
by using a synchronization loop circuit for synchronizing a 
reference signal associated with the multiple clock and a 
comparison output signal, and a frame pulse signal separa- 
tion circuit for separating the frame pulse signal from tbe 
multiple clock to provide a recovered frame pulse signal by 
using the recovered clock. 

Preferably, according to a second aspect of the present 
invention, in the digilal dam transmission system of the first 
aspect, ihe dock multiplexing circuit includes clock shaping 
means receiving the dock and the frame pulse signal, the 
clock shaping means for performing a shaping process of 
masking the clock at a fixed value ai least for the predeter- 
mined period during the lime the frame pulse signal is 
active, the clock shaping means for outpuning lbs clock 
intactly as ihe multiple clock for other time periods, 

Preferably, according to a third aspect of the present 
invention, io the digilal data transmission system of the 
second aspect, Ihe clock shaping means further receives an 
enable signal and includes enabling means for disabling the 
shaping process to force the clock to be oulpulicd intactly as 
the multiple clock when tho enable signal is inactive. 

Preferably, according to a fourth aspect of tbe present 
invention, in The digital data transmission system of iho 
second aspect, the clock recovery circuit includes: phase 
comparing means for making a comparison between the 
phase of 1 be multiple clock and the phase of the recovered 
clock, control signal oulpul means for outpulling a control 
signal on tbe basis of a result of ihe phase comparison of the 
phase comparing means, and oscillating means for generat- 
ing the recovered clock at an oscillation frequency based on 
(be control signal, the phase comparing means, Ihe control 
signal output means, and tbe oscillating means constituting 
a WA. circuit for performing a phase synchronization pro- 
cess on tbe multiple clock and the recovered clock, the 
synchronization loop circuit including the PLL circuit, tho 
reference signal including the multiple clock, the compari- 
son oulput signal including the recovered clock. 

Preferably, according to a fifth aspect of the present 
invention, in the digital data transmission system of tbe 



PAGE 21/39'RCVD AT i/20055:i4:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/2 * DNIS:8729306 * CSID: ' DURATION (mm-ss): 14-38 



06/08/2005 17:16 FAX ©022 



US 6,3^6,888 B1 
3 4 
fourth aspect, the clock recovery circuit farther include* aspect, the dtjck multiplexing circu it includes clock shapirm 
masking means receiving Ihe recovered Iramc pulse signal means receiving ihe cjnek and Ibe frame pulse .signal the 
the masking meuns for disabling the pha.se synehfunivaiimn elock shaping means fur performing a shaping process of 
when the recovered frame pulse .signal indicaius an active doubling l(ie predetermined pcrkid of (be clock to output the 
KM*' 5 multiple clock during the time tbc frame pulse sign a J Is 

Preferably, according Lu a sixth aspect of the present active, 
invention, in the digital data transmission system of the JVefcrably, awarding io an eleventh aspect of the present 

fourth aspect, ihc clock recovery circuit further includes invention, in Ihe digital data tra admission system of the tenth 
synchronisation deluding means Tor delecting whether nr **povi, Ibe clock recovery circuit includes: phase comparing 
not the multiple ck»ek and Ibe recovered clock is in syn- ™ nie a ns receiving the curliest and second earliest ones or ihe 
chronism with each other to disable the ph»«c synchronize multiple clock, a first delayed multiple clock, and a second 
lion process upon dotection of synchronisation. delayed multiple elock respectively ns first and second 

Preferably, according to a seventh aspect of the present «™P«isoii signals for making a comparison between the 
invention, in the digit*! data transmission system of the V r >S( T 01 lbe firsl sccoml ^mP™ 00 «Bnafc- control 
second aspect, toe clock recovery circuil includes: phase 35 f 1 ^ ^or cnitputting 4 control signal oa tbc 

comparing means for making a comparison between ihe . a ^ phaso com P afison the phase 

phase of the multiple* elock and lbe phase of a delayed ^ ra P ar ™£ means, first vartahk delay means for providing* 
multiple clock, control signal output means for outputiing a UWC , y ° l ? 'J" 0 * lh * P rcdolfcrmincd P 0 "^ ( w hum n Ls 
control signal on the basis of a result of the phase compari- * natural number) to the mulUple clock on the basts of the 
son of the phase comparing means, and variable delay means 20 COn< ™J Rlgl,ai to ompuI firsl dola y** rwullaMe clock, and 
for providing a lime delay of n limes lbe predetermined variable delay means for providing a nine delay of n 

period (where n is a natural number) to the multiple elock 00 T ? predetermined period to the first delayed multiple 
lbe basis or tho control signal Vo output the delayed multiple * , °f ™° b /** of lbc COIllrol 10 ouipm me second 

clock, the phase comparing means, tbe control signal output ^7 - doc *» ,hc P* 1 * 5 * comparing means, lbe 

means, and lbe variable delay means constituting a DLL 25 mDXro } a S?"J output means, and at least one of the first and 
circuil fox performing a delay synchronizalion process on ^ vanable delay means constimting a DLL circuil for 
the multiple clock and the delayed muhiple clock, ihe P^nmog a ^7 synchronizalion process on the Ami and 
syncbronizauoo loop circuil Including lbe DLL circuit, the f^j: comparison signals, the synchronization loop circuil 
reference signal Including the multiple clock, the compari- ~ udmg *f DLL circui1 ' tD * reference signal including tbe 
son output signal including the delayed multiple clock, and 30 . C 00 *?*™ 00 a©3*l, lbe comparison c«^t signal inchid- 
ibe clock recovery circuil further includes logical OR means ^ . jR Sccond ""Upanson * nd toe clock recovery 

for ORiOg the multiple clock and the delayed multiple clock ciraul &^*r includes majority means for outpvtling at least 
to outpui the recovered clock. two or three signal levels of the multiple dock, the first 

Preferably, according to an eighth aspect of the present S^Z^ cU *** Lbc « a yed multiple 

^1!^^** traUls^n system^ « 

second aspect, Ihe clock recovery circuit includes; phase n-_r™ki„ - k - 

comparing means for making a comparison between tbe tJ^^\^T^ A ? * tw * 1 9 h . as P ccl °* *f I"***™ 
phase of a system clock independem of the multiple clock wventto * fa »«» ^tmiismtssion system of the tenth 

and the phase ot an oscillation signal, control signal output * SpCCt ' d0 ff reoovcr y includes: phase comparing 

means for output ting a control signal on the basisof a result 40 , f -I* * comparison between tbe phase of a 

of the phase comparison of the phase comparing means, T*™! ?^ ******* of the multiple clock and the 
oscillating means for generating the oscjUadon signal atan * * osmllauon signal, control signal output means 

oscillation frequency based on Ihe control s^naTand vari- u OUtputUns . a co ^? i 011 of a ««*It of the 

able delay means for providing a time delay of the ptede- P co ™P anSon j rflbo phase comparmg means, oscillating 
terauned period to tho multiple clock on the basis of the 45 J^^«W«iPB lbe oscillation signal at an oscillation 
control signal to output a delayed multiple clock, the phase fremwn ? v based OH the control signal first variable delay 
coring means, me control signal ou^nt nieaos. acdme ^ ^ proviomg attme delay of the pn^timnined 
oscillating means ooastiiuting a FLL circuil for performing f^°f ^ lb ? m «^P fe ****** of the control signal 

a phase synchronfzarlon r*oceW on the system t£SuS^ ? ^ a ^ ^P 1 ' dock * aod Sfi<5and ****** 

oscmadon filial, me syncr^m^ 50 ^^T? 6 ^ f the predetermined 

ibe PLL circniUllhe reference signal inchiding the system P 6 ^^. ^ a V^ niulimle cloc* on mc basis of the 

clock, lbe comparison outpu 1 signal including the oscillation °Z Slgnal ?° a second dfita >» d multiple dock, Ihe 

signal, and lbe clock recovery circuit hi rthcr includes bjdcal w?^* 1 *^ * c con . tro1 . ^^^tput means, 

OR means ibr OUing the multiple clock and the delayed * I ° 5CtMal,n B means constituting a 1>LL circuit for 
multiple clock 10* output Ihe recovered clock. 55 Pf flafTniD fi a P basc ^yrtehronizalion process on die syslcra 

iwc^ki., I _j- i > ■ ^ . clock and die oscillation signal, the synchronization looo 

JSSSS fa 3T3^?i^ r ° f 1,168,501 «tcuit including Uie PLLcir^ii, .he refcrence S^al mcS 

sS^d ^11™^^°'' SySlem °. f *P ^ «io system clock, Ihe cocnpari.cn oulpu. s i^dfaS s 

crnol 0. m»Wio clod, iains .be fiS^'fft S 8 t SDatffiS 
SSnrt ^ ^ ^T' te f -T^rT 1 ffamc ^ ^ second d^d^Stedo^t^Ta c 

nxed value tor the predetcrmmed penod and is maclive recovered clock. 

otherwise. * 

« r li , 65 A ihirteenth aspect of the present invention is intended for 

Preferably, accorrluig 10 a tenth aspect ot the present a dagilal data transmission system for transmitting dicital 

invention, m the digital data iransmissiou system of the Ural dai, in a frame synchronization manner. According icTihe 
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present invention Ihc digital data transmission system com- control signal output mums U>r outputiing a control sianal 

priKes hrsl lo Nlh transmuting portion* lor Iransmilling on the basis of a result of the phase comparison o|* [Ik phase 

digila] data, and A receiving poniun for receiving the digital comparing means, oscillating means lor generating (he 

claia. Ihc first m Nth transmitting portions comprising clock oscillation signal ai an oscillmion rroquency based im ihe 

multiplexing circuits, respectively, for multiplexing first to 5 control signal, first to Nlh variable delay means for provkl- 

Nlh frame pulse signals for frame synchronization with firs* ing time delay* or the firsL to Nib periods to the first to Nlh 

to Nlh clocks having lirsl lo Nlh periods to ouipul Hrsl lo Nth multiple clocks commonlv on the oasis or ihc control wgnal 

multiple clocks to the receiving pnriion, ihc receiving peir- u > tlUlpiJl nrsl lo Nlh ddnyed multiple docks respectively 

uan comprising: a clock rectory circuit for reproducing the and flnrt u > Nth logical OR mean* Tor OUing the firsi lo Nth 

Jirst lo Nlh clocks from the ilrst lo Nth multiple clocks lo |0 mulliple clocks and the first lo Nth delayed multiple docks 

provKle first to Nth recovered clocks respectively by using 10 ouipul the firsi lo Nth recovered clocks respectively, !hc 

a synchrotron loop circuit for synchronizing a reference phase comparing means, the control signal output means, 

signal associated with the I.rst multiple clock and a com- and the oscillating means constituting a I'LL circuit for 

parison oulpuL signal, and firsi lo Nth frame pulse signal performing a phase synchronization process on Ihc system 

separating cu*ui^ ^ clock and tbc osoillauon signal. Ihe syirchmnkalion i loop 

signals from the first to Nib multiple clocks in provide firsi circuit including the IMJ.ciitwiUlhorefemrjcesip^ wUid- 

to Nth recovered Frame puke signals by using ihc lirsi to Nth ingibe system clock, the comparison ouiput signal including 

recovered clocUs respectively the oscillaUon signal. 

IWerably.ac^rding to Bfourioemhiispccinf ihe prescnl Preferably, according to a seventeenth aspect of the 

uiveinton, m the digital data iransmission sysicm or the 1(> present Invention, in tbc digital tbra inmsroission system of 

thirteenth aspect* tbc clock recovery circuit has a synchro- ihe thirleenib aspect, the ith frame pulse Bigtml separation 

mzaiion detection function of deteciing whether or not the circuit (i-J in N) includes fixed value Election, means for 

ayncbronjzauon loop circuit bus synchronized the reference detcctine whether or not the ilb nruliiple clock maintain* a 

signal and lb* comparison ouipul signal to ouipul lo the first fixed value for the ilb period to ouipul the ith recovered 

traTOmlUng portion a syncbronizaiion detcci i»n signal mdi- 25 framo pulse signal wbicb is active when tbc ith multiple 

caliag^r^ the synchro ctook maintains the fixed value for the jib period and is 

state in which the reference signal and tb« comparison inactive otherwise 

ZTiE^J? S *T*^^ ° r in an !»***ed In ^ eighteenth aspect of the present invention isintended 
^^nfr^A^ ^ ™ m »™? n * u ** "F 1 * ** a digital data iransrnission system for Uansmitliog digital 
are not synchronized; and the clock multiplexing circu.t of ^ data „ a frame syricfaronization manner. Aceordini toibe 
the first trarismjlline portion receives the synchronization present invention, the digital data transmission systeni com- 
deieCMnjngnal, and has an enabling function of forcing the prises first end sccoudiransmiUins ^d^h^p^ons 
whL^hl^v^ u^c first mulh^e clock L tnmsmining digital STfi^v^ 
when the synchronization dclcdion signal indicates the fenrsl transmitring and reviving portion comprising a firs? 
^fw.hT ^^taiog Ihc fl«l torn* pulse 3, clock rrnilliplexing* circuit IbTiu^lexingTfirsT frame 
^ Tv!l ^ to 1 °2S l the Jirsi multiple clock puis* signal for frame syrtfbronizalion with . first clock 
Z^f ^ yVt ^ m2B ****** ^ ittdiCa!CS havin S a P^termined period to output a nrst multiple 
_ _ " ^ clock to the second transmitting and receiving portion, the 
Prefcrably, according to a fifteenth aspect of tbc present second tfftnsmitbng and receiving portion comprising a 
invention, in the djgUal data uTmsmission system of the 40 second clock multiplexing circuit for multiplexing a second 
thirteenth aspect, Ihe dock recovery circuit includes: phase frame pulse signal for frame synchronization with a second 
company means for making a comparison between ihe clock having the predetermined period to output a second 
phase of the first multiple clock and Ihe phase of a first multiple clock to tbc first transmilling and receiving portion, 
delayed multiple clock, control signal output means for the first fraittmitting and receiving portion fimberlimpS 
outputting a control signal on the basis of a result of the 45 ing: a first clock recovery circuit for^rodiidng the second 
phase comparison of the phase comparing moans, first to Nth dock as a first recovered dock from the second multiple 
variable delay means for providing time delays of n limes clock to provide the first recovered dock by using a first 
the first to Nth periods (where n is a natural number) to the ' synchronization loop circuit for synchronizing a Orst refer- 
first to Nth multiple clocks commonly on the basis of the ence signal associated with the second multiple clock and a 
S!!^ fSS! ^TaTl 2L t( J ™Mpk Clocks 50 first comparison output signal, the first clock recovery 
^^tn^rt^^i ^Li 0 ^^ "^f^^f drcuil saving a synchronization detection ftmcrion of 
the first to Nth mlUUple clocks and the first to Nth delayed detecting whether ox not the first reference signal and the 
mulliple docks to output the first to Nth recovered docks first comparison output signal have been synduxmized to 
respectively, the phase 1 comparing means, the control signal ouipul a firai synchronization detection signal indication, 
ouiput means, andjthe first variable delay means constituting 55 whether the Ilrsi synchronization loop circuit b in a locked 
a DLL circuit lor performing a delay synchronization pro- stale in which the first reference signal and the Aral cora^ 
cess on the first mulupk .dock and the firsi delayed multiple parison output signal are synchronized or in an unlocked 
clock, the synchKmizaUon loop circuu mduding the DLL stale in which the first reference signal and the first com- 
circuit, the reference signal including Ihe first mulliple parison ouiput signal arc not synchronized, and a first frame 
clock, the comparison output signal including ihe first 6 Q pulse signal soparaUon ciruuii for separating the second 
l^T ^ 113 ^ fir^uic pulse signal ^ q first recovered frame pulse signal 
Profora My, according to a sixteenth aspect of the prescnl from the second rrrultjple clock lo provide the first recovered 
invention, in the digilnl data transmission system of the frame pulse signal by using the firsi recovered dock, tho 
thirteenth aspect, the clOcH recovery circuit indudes: phase second transmitting an d receiving portion further compris- 
comparing moans for making a comparison between the 66 mg: a second dock recovery circuit for reproducing ihe first 
phase of a system dock independent of the first to Nth clock as a second recovered clock from ihe first multiple 
multiple clocks and the phase of an oscillation signal, clock to provide Ihe second recovered clock- by using a 
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second synchronisation looj> circuit fur synchronizing a The dock shaping means in accordance with Ihc ihird 

second reference signal associated with ihe Jirst muiliplc aspect or the present invention includes ilic enabling means 

c uck and a second comparison output signal, ihc second lor disabling the shaping process to force the clock lo he 

cluck recovery circuil luvijij; a synchronization diction oulpullcd julaelly a* Ihc multiple clack when the enable 

function of dclcclin» whether or nol Ihc second reference 5 signal is inactive. The clock may lie oulpulled tntuctly as Ihc 

signal and Lho second comparison output signal have been multiple clock as required. 

synchronized to output a second synchronizaltnn dclcction The clock recovery circuit in accordance wiib the fourth 

signal indicating whether Ihc second synchronizaLfon loop flJ jpcci or the present invention supplies as Ihc recovered 

circuit is jn a leaked stale in which Ihc second reference clock the comparison output signal fmm the PI J. circuil 

signal and the second comparison output signal are synchro- |0 which performs Use phase synchronisation process on Ihe 

nized ox in an uolocked slate in which lho second reference multiple clock and the comparison output signal. Thus, ihc 

signal and the second comparison output signal arc not clock recovery circuil may he of a relatively simple circuit 

synchronized, nod a second frame puke signal separation construction comprised or only the PI ,L circuit, 

circuit for separating the first frame pulse signal as a second The masking means of the clock recovery circuil in 

recovered frame pulse signal from the Jtirst multiple clock lo JJt accordance wilh the liTlb aspect of the present invent inn 

provide the second recovered frame puke signal by using ' disables the phase synchronization process of the PLL 

the second recovered clock, wherein the first clock mulij- circuit when the recovered frame pulse signal indicates the 

plcxing circuil of the first IniosmiUiou. and receiving portion active suic, thereby preventing the malfunction* of the 

receives Ihc Jlrst synchronivaiion detection signal, and has P naSli synchronization process at a posidon of the multiple 

an enabling functinn of forcing the ftrel clock lo be outpnited 9ft dock wbcrc lbft ^ifm puis© signal which is active is 

intactly as lho first multiple clock when the first synchronic multiplexed. 

zolion detection signal indicates Ihc unlocked state and of The synchronization delecting moans of lho clock rocov- 

roull^lcxing the first frame pulse signal with tbo first dock e <y c i rc °il in accordance with the sixth aspect of the present 

to output the first multiple clock when lho first synohroni- invention disables the phase synchronization process upon 

zalion detection signal indicates Ibe locked state, and detection of tbo synchro* omion of the multiple clock and 

wherein the second clock multiplexing circuit of the second recovered clock. Thus. Ihe stable recovered clock may be 

transmitting and receiving portion receives lho second syn- provided after the synchronisation detccdon. 

chronfcatjon detection signal, and has an enabling function To ° clock recovery circuit in accordance with the seventh 

of forcing the second clock to be outpuued intactly as the aspect of the present invention comprises the DLL circuit for 

second multiple clock when the second synchronization performing the delay synchronization process on lhc,mul~ 

detccdon signal indicates the unlocked slain and of mulli- ti PJ* deck and Ihc delayed multiple clock, and Ihe logical 

plexmg the second frame pulse signal with the second clock Ok means lor ORing the multiple clock and the delayed 

to output the second multiple clock when Ihe second syn- multiple clock to output die recovered clock, 

chroruzatkm detection signal indicates the locked stale. The clock recovery circuit in accordance with the seventh 

As above described, in the digital data transmission 3S aspect of the present invention which employs the DLL 

system in accordance with the first aspect of ihe present circuil may to reduce Ihc lime required for synchronization 

invention, the transmitting portion employs the clock mul- lo provide the recovered clock at an early stage. Further, 

ilplexusg circuit to multiplex the frame pulse signal for since die variable delay element should provide the time 

frame synchronization with the clock having the prcdeier- delay of n liines the period of the clock, the range of the 

raised period lo output the multiple clock to the receiving 40 frequency of ihc clock for synchronization is widely 

portion, and ihe receiving portion employs the clock recov- extended. 

cry circuit and the frame pulse signal Separation circuit to The clock recovery circuil in accordance with Ihe eighth 

reproduce the clock and the frame pulse signal from the aspect of the present invention comprises the PUT, circuit for 

multiple clock to provide the recovered clock and the perforating the phase synchronization process on lha syslem 

recovered frame pulse signal. ^ clock and the oscillation signal, and the logical OR means 

Thus, two signal lines which have been required to for ORing the multiple clock and lho delayed multiple clock 

transmit the frame pulse signal and the clock are reduced to to output the recovered clock. 

one signal line for transmitting the multiple clock. Further, Since the system dock serving as the reference si gnal is 

since the clock isa signal having regularly repeated high and independent of the multiple clock and is not multiplexed 

low levels during tho pn^termincd period, the clock mnl- 50 wiLh Ihe frame pulse signal, the PLL circuit in accordance 

iiplexing circuit, I the clock recovery circuit and lho frame with the eighth aspect of the present invention may perform 

pulse signal separation circuit may be of relatively simple the phase synchronization process without malfunctions, 

circuit construction. and the logical OR means may provide the highly stable 

The clock shaping means of ihc clock multiplexing circuit recovered clock ai an early sta^e. 

in accordance with the second aspect of the present inven- ss l^c lbced value delecting means of the frame pulse sign*) 

lion performs Lho shaping process of masking the clock at Separation circuit in accordance wilh the ninth aspect of the 

the fixed value at. least for the predetermined period during present invention outputs the recovered frame pulse signal 

the time the frame pulse signal is active, and outputs the which is active when the multiple clock maintains the fixed 

clock intactly as toe multiple clock for other time periods. value tor the predetermined period. 

Therefore, the; clock shaping means may be relatively 60 Therefore, the fixed value delecting means may be of a 

readily constructed using a latch for storing the frame pulse relatively simple construction by employing Utcb means for 

signal in response to the high and low levels of the clock, latching the value of the multiple clock when the clock does 

and a simple logic gate for logic operation which outputs ihe not have the fixed value for each predetermined period on 

fixed value when the output from the latch indicates that the the basis of the regularity of the recovered clock and the 
frame pulse signal is active and which outputs the clock 6S clock. 

inlacdy when the output from the latch indicates that the The clock shaping means of the clock multiplexing circuit 

frame pulse signal is inactive. ha accordance with the tenth aspect of the present invention 
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pcrlornm the shaping process of doubling tbu predetermined Una to Nth recovered clucks from ihc output* of I ho Jirsl lo 

period of Ihc clock to output Ihu multiple clock during ihc Nth logical OK means at an early -slaue. I'urlhcr, since the 

lime the frame pulse signal tx active. The multiplexing of lho variable delay element should provide Ihc lime delay ol" n 

frame pul.se signal dilow.s ihc production of Ihc muliiplc limes the period of the clock. Ihc range of ihu IVequiniiy of 

clock having a good IDC balance. $ Ihc clack for synchronisation is widely extended. 

The cluck recovery circuit in accordance wilh lbc elev- The clock recovery circuit in accordance with the six- 

enth aspect or the pruseni invention wmnmcs the DLL Icenth aspect of die present invention employs Ihc Pl-L 

circuit for performing the delay synchronization process on circuit for performing the phase synchronization process on 

the first and second comparison signals which arc two of the the system clock and the oscillation signal. Since the system 

multiple clock, Ibe Jirsl delayed multiple clock and Ihe '<> clock serving as the reference .signal is Independent of the 

second delayed' multiple clock, and Ihe majority means for first to Nib multiple clocks and is nol multiplexed with Ihe 

outpuiiing at least l\vo of ihc Ihrcc signal levels of the frame pulse signals, the PI J. circuit may perform Lho phase 

muhiple clock, the first delayed multiple clock and the synchronization process wit html malfunctions, and tbc out* 

second delayed multiple clock which are provided moment puis of (be first lo Nib logical OR means may provide the 

by momeni as ihc signal level of ihe recovered clock. is highly stable first to Nib recovered clocks at an early stage. 

Thus, Ihe clock recovery circuit in accordance with ihe The fixed value delecting means of each of the first lo Nth 

eleventh aspect uf the present invention which employs the frame pulse signal separation circuits in accordance with (he 

1>] J, circuit may reduce the Lime required for synchroniza- seventeenth aspeel of the present invention nutpuls the ith 

lion lo provide Lbc recovered clock from ihe output of the recovered frame pulse signal u> N) which is active when 

majority means ai an early singe, Further* since the variable 30 the ith multiple clock maintains the fixed value for the Uh 

delay element should provide the lime delay of n limes the period. 

period of the clock, the range of ihe frequency of lbc clock Therefore, the fixed value detecting means may be of a 

for synchronization is widely extended. relatively simple construction by employing latch means for 

Tbc clock recovery circuit in accordance with the twelfth latching ihe value of the ith multiple clock when the Uh 

aspect of the present invention comprises the PLL circuit for 29 clock does nol have the fixed value Cor each predetermined 

performing the phase synchronization process on the system period on ihe basis of the regularity of the ith recovered 

cluck and the o«nlladon signal, and the majority means for clock and the ith clock. 

outputting at leasi two of the three signal levels of the in the digital data transmission system in accordance wilh 

multiple clock, the first delayed multiple clock and the Lhc eighteenth aspect of the present iowntfon, the Ar&l e>>ck 

second delayed, multiple clock which are provided moment multiplexing circuit of the first transmitting and receiving 

by moment as lbc signal level of the recovered clock. portion has the enabling function of forcing the first clock lo 

Since the system clock serving as tbc reference signal is be outoutled intacfjy as the firsi multiple clock when ihe first 

independent of- the multiple clock and is not multiplexed synchronization detection signal indicates the unlocked 

wilh the frame pulse signal, the PLL circuit to accordance 35 state, and of multiplexing ibe first frame pulse Signal with 

with the twelfth aspect of the prase nt invention may perform the first clock to output the first multiple clock when the first 

the phase synchronization process without malfunctions, synchronization detection signal indicates the locked slate, 

and Ibe majority means may provide the highly stable The second clock multiplexing circuit of the second trans- 

recovexed clock al an early stage. mitring and receiving portion has tbc enabling function of 

In the digital .data transmission system in accordance with ^ forcing the second dock to be outputted in tartly as the 

the thirteenth aspect of Ihe present invention, tbc clock second multiple clock when the second synchronization 

recovery circuit provides Ibe first to Nth recovered docks detection signal indicates the unlocked slate, and of mulli- 

from the first to Nth multiple clocks by using tbc synchro- pkxing the second frame pulse signal with the second clock 

nizatioo loop circuit for synchronizing the reference signal to output Ihc second multiple clock when the second syn- 

associated with: the first multiple clock and the comparison 45 chromzatioo detection signal indicates the locked slate, 

output signal The supply of the N recovered clocks from Ihe Since the first and second clocks have the same period, the 

single synchronization loop circuit allows the significant first and second synchronization loop circuits, require sub* 

reductions in circuit size and power consumption. stanlialfy the same lime to synchronize the first and second 

The clock multiplexing circuit of the first transmitting reference signals associated with the second and first clocks 

portion in accordance with the fourteenth aspect of the sq and tbc first and second comparison output signals lo change 

present invention forces the first clock to be oulputted to the locked state. 

intocily as the first multiple clock when the synchronization Thus, the first clock multiplexing circuit of the first 

detection signal from the receiving portion indicates the transmitting and receiving portion may output the first, dock 

unlocked slate, land multiplexes the first frame pulse signal as the first multiple dock on the basis of lho first synchro- 

wiihthci first clock lo output the first rnultipJfc clock when the 55 nidation detection signal provided therein uoiil ibe locked 

synchronization detection signal indicates Ihe locked state. state of lbc second synchronization loop circuit of the 

Thus, the clock recovery circuit of the receiving portion second transmitting and receiving portion is estimated, 

m ay receive the; first dock as Ihe first multiple clock until Ihe Therefore, the second synchronization loop circuit of the 

synchronization loop circuit is locked. The clock recovery second dock recovery circuit of the second transmitting and 

circuit may be synchronized with the reference signal asso- 60 receiving portion may be locked at an early stage without 

elated with the first multiple clock at an early stage without malfunctions 

malfunctions. Likewise, the second clock multiplexing circuit of the 

The clock recovery circuit in accordance with the fifteenth second iransmitiing and receiving ponion may output the 

aspeel of the present invention employs tbc DLL circuit for second clock as the second multiple clock On the basis of the 

performing the delay synchronization process on ihe first 05 second synchronization detection signal provided therein 

multiple clock and the first delayed multiple clock to reduce until the locked state of the first synchronization loop circuit 

\ the lime required fox synchronization, thereby providing the of tbe first transmitting and receiving portion is estimated. 
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Thard'ore. the filst synchronization loop circuit of Ihc first MO. 18 is a block diagram showing an internal structure 

clock recovery circuit of Ihc lirsi transmitting and receiving or ihc clock recovery circuit shown in 110. 16; 

portion may be locked al an early stage wilhoul mallunc- |.j tS . |o Ls ;i b | 0t , k diagram of the signal separation circuit 

n " ns * according lo a seventh preferred embodiment or the present 

Additionally, the first and second clock multiplexing 5 invention; 

circuits change the enntcnts of the first and second multiple wa 2 o j H a block diagram .showing an internal structure 

clocks on Ihc basis or the Jirsi and second synchronization 0 r lnc c!ock r^vcry circuit shown in HO. 19; 

delecltOD siunaln provided thcrcio, requiring Ihc addition of n - . „ . - .. . 

w and t%m ihc exterior. Jo ^^^'f^^^! m ^ naae ^^ md 

. . . . embodiment of the present invention; 

It is therefore ^rl object of ibc present invention to provide , ~~ * - -. ,- < - v . . . . 

a simple circuit structure. 15 r,, °- 23 ,s 8 l«™JB chart sbowmg the operation of iho 

Tncse and other objects, feature aspects and advantages ^^f^f^?^™- 3 * u 

of the present invention wUI become more apparent from the 24 r 1R * P?™ 1 bIock d,a ^ni showing an interna J 

following detailed description of the present invention when of the clock recovery cireun according lo a tenth 

taken in conjunction with ibc accompanying drawings. preferred embodiment of lie presenl invention; 

PIG 25 is a block diagram showing a first application of 

BRIEF DESCRIPTION OF THE DRAWINGS the tenth preferred embodiment; 

FIG. 1 illustrates a genera) st rue hire of a digital data r^ 2 */ 8 1 bteck magr^ shirtvtng a second application 

transmission system according to a first preferred embodi- ° r lhc teDl ° P* 5 "*™* 1 WrtWdSmenl; 

rneei of the present invention; 25 FIG. 27 is a circuit diagram showing an interna] stniclurc 

FJG. 2 is a circuit diagram showing ao internal siruclure ' of £° ™l^k»<* according to an eleventh 

of a clock multiplexing drci.il in a transmitting poruoe preferred embodiment of the present invention; 

shown in FIG. 1; J^G. 28 is a liming chart showing the Operation of the 

FIG.3iSa uiningchartshov^lbcopcTationofmeclr^ clocU mWkltiai circuil of FIG. 27; 

multip lexin g circuit of FIG. 2; 30 FIG. 29 is a partial block diagram showing an internal 

FIG. 4 is a block diagram of a signal separation drcuitin strnclwof clock recovery circuil acceding to a twelfth ' 

a receiving portion shown in FIG. 1; preferred embodiment of the present inveniion; 

FIG. 5 is a block diagram showing an internal structure of , ™*' 30 *» a ^t3ho^ the operation of the 

a clock recovery circuit shown in FIG. 4; 3 , ck>ck «*ov«y FIG. 29; 

FIG. 6 is a circuil diagram showing an internal structure nc - 31 mustraLc& a sinicture of a conventional digiial 

of a frame pulse signal separation circuil shown in FIG. 4; dala tranSlM&SK>11 5 > r5lcm: 

FIG- 7 i* a liming chart showing the operation of ihe 3 * is a timing diartshowing an example of trans, 

frame pulse signal separation circuit of FIG. 6; mission of a conventional frame pulse signal and a dock; 

FIG. 8 is a block diagram of the signal separation drcuit 40 __ „ M . 

according to a second preferred emboAmeniof the present ™J- * f** -1 *"" ° f conve,ltl0ftia 

inveniion; digital data transmission system. 

FIG. 9 is a partial circuil diagram of the clock recovery DESCRIPTION OF THE PREFERRED 

drcuit shown in !FIG. 8; ^ EMBODIMENTS 

FIG. 10 is a liming chart showing the Operation of ihe _ _ , _ . . 

clock recovery drcuit shown in FIG. 8; Fltsl Mcrred Embodiment 

FIG. 11 is a partial drcuit diagram of the clock recovery FIG- 1 is a block diagram sbowmg a general structure of 

circuit according to a third preferred embodiment of the a digital data transmission system according to a first 

present invention; so preferred embodiment of the present invention. As shown, 

MO. 12 is a partial drcuit diagram of the clock recovery U P° 11 «ceip* of a dock CK having a period T and a frame 

circuil according) to a fourth preferred embodiment of me ^ a cl«* i^Ufpfcaang circirii 36 in a trans- 

presenL invention; milting portion 30 multiplexes the frame pulse signal FP 

FIG. 1* is a partial circuit diagram of the clock recovery "** {bo C £ C * ^ ,n ^ ?teefc CHC^rough 

circuit according to a fifth preferred embodiment of the 55 ?J^yj?£ l ^ exterior. The muUiple cock CK1T> is 

present invcnlioni waosrnilled through a transmission lmc 54 lo a receiving 

wnri +a • 77- t. ^ r portion 40. A flip-flop 31 outputs digital data DA through a 

FIG. 14 is a hming chart showing the operation of the driver 33 „ s ^Zwm with the dock CK in the trans- 

dor* recovery circuit of FIG 13; mitring portion 30. The data DA is transmitted through a 

FIG- ,15 illustrates a general structure of the digital dala ti0 traiismission line 51 lo the receiving portion 40. 

ixansrma^on system according to a sixth preferred em hodi- A &ignaJ X ^^ QQ circuil 46 in ihc recdving portion 40 

ment of the present invention; receives the multiple dock CKFP through a driver 44 to 

FIG. 16 is a block diagram of the signal separation drcuit separate a recovered dock RCK and a recovered frame pulse 

in the receiving portion shown in FIG. 15; signal RFP from each other based an the multiple clock 

FIG. 17 is partial block diagram showing an internal 65 CKFP. A flip-flop 41 receives the data DA through a driver 

structure of the frame pulse s ignal separation circuil shown 43 to perform signal processing on the data DA in synchro- 

in FIG. %6; nism with the recovered clock ROC 
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110. 2 U a circuit diagram showing an internal structure recovered clock RCKta output an up signal UP nnU a down 

of the clock multiplexing circuit 36. As .shown, Lhc clock signal DWN in the charge pump 5. The charge pump 5 

multiplexing circuit 36 comprises half lulehes 1, 2, and an applies a control voltage Vb through the loop liher 6 to the 

ANO gnu CI. vukage-eun trolled oscillator & on ihu bvals of tbc up signal 

I'or purposes of explanation, ihe frarnc puls« signal J'P a * UP and the down signal DWN. The vnUage-conlroHcd 

half clock period ('172) earlier is referred lo as a preliminary oscillator H outputs the rewercd clock IUTC which oscil- 

frame pulse signal Pl«'P2, and the frame pulse signal I'P one 511 an oscillation frequency based on the conlrol voltaic 

clock period £V) earlier is referred to a pmliminary frame Vh - 

pulse signal PMM. -rhufc thc PLL circuil synchronizes the multiple clock 

'Iho half latch I receives the preliminary frame pulse 10 CKI'P and the recovered clock RCK to provide the rccov- 

signal PI k m and an inverted version of the cltx* CK. When c rcd elock KC-K which is a substantially correct rcproduc- 

the clock CK is low, ibe half lalch I is m a through stale x ™ of ^ ^^>^ CK. 

whercin the preliminary frame pulse signal P1»P1 is output- The clock recovery circuit 47 which may comprise only 

led intfldly as* the preliminary frame pulse signal PfP2. the PIJU circuit has a relatively simple circuit arrangement 

When the clock CK is high, I be half lalch 1 is in a latch slate 3 * FIG. 6 is a circuit diagram showing an internal structure 

wherauj an immediately preceding output valuo of the of the frame pulse signal separation circuit 48. As ahown, the 

preliminary frame pulse signal PFP1 js ouipullcd as the frame pulse signal separation circuit AH comprises a flio-ilon 

preliminary frame pulse signal PFP2. 3 and a delay lino DL The flip-flop 3 has a clock input for 

Tho half lalch 2 receives the preliminary frame pubc _ receiving tho recovered clock RCK through the delay line 

signal PFP2 at >d the clock CK When the clock CK is high,, Dl* and a data input Ear receiving tho multiple clock CXFP_ 

the half latch 2 is in a through stale wherein the preliminary The rime delay of the delay line Dl may be as short as not 

frame pulse signal PFP2 is ouipullcd intactly as the frame greater than one-half the period (T/2) of the clock CK 

pulse signal PP. When the clock CK is low. the half latch 2 The flip-flop 3 latches the multiplo clock CKFP on the 

is in a latch state wherein an immediately preceding ouipuL rising edge ( fc L" to "H rt transition) of tho clock inpttL Then, 

value of the preliminary frame pulse signal PFP2 is output- as shown in FIG, 7, the signal outpuUcd from the flip-Hop 3 

ted as the frame pulse signal VP. Ls an inverted recovered frame pulse signal EFF, and the 

TJie above described hall" latches 1 and 2 have constituted frame pulse signal FP is reproduced, 

the flip-flop 32 (FIG. 31) in the conventional transmitting The multiple clock CKFP has a waveform which mostly 

poriion 3J». Tho clock multiplexing circuit 36 further com- 30 exhibits periodically repeated Is and Ob. This eliininates the 

prises the AND gale Gl in addition to the conventional need for a complicated logic circuit that is required to detect 

flip-flop 32. the frame pulse signal from the data with which the frame 

The AND gate Gl receives the clock CK and an inverted poise signal is multiplexed, but allows the easy reproduction 

version of the preliminary frame pulse signal PFP2 to output °* lne frame pulse signal using the single flip-flop. That is, 

the AND of the clock CK and the inverted version of the 3? llWs conventional flip-flop for Ihe frame puLse signal FP may 

preliminary frame pulse signal PFP2 as the multiple clock De used as it is to doted the frame pulse signal without tho 

CKFP. need for an additional circuit. 

FIG. 3 is a timing chart showing the multiplexing opera- In 100 digital data transmission system of the first pre- 

lion Of the clocfcrmultipjexing circuii 36. As shown, when the furred embodiment, as described above, the clock mulliplcx- 

ckw* CK and tho frame puke signal Fl> (preliminary frame 40 ^5 circuii 36 of tho transmitting portion 30 multiplexes the 

pulse signal PFP2) arc generated, a signal corresponding 10 frame pulse signal FP with the clock CK lo transmit ihe 

ihe clock CK which is masked (fixed to **L" Cor the period multiple clock CKFP, and the clock recovery circuit 47 and 

T of the clock CK or longer) during the time the frame pulse frame pulse signal separation circuit 48 of the receiving 

signal FP is active is outpulied as the multiple clock CKFP. portion 40 reproduce the recovered clock RCK and the 

The clock multiplexing circuii 36 is required to output recovered frame pulse signal RFP respectively. Therefore, 

only the multiple clock CKFP but is not required lo output the digital data transmission system of the first preferred 

ihe frame pulse signal FP. Thus, the half latch 2 is not embodiment requires a decreased number of signal lines for 

required in practice, and the dock multiplexing circuit 36 transmission wun a simple circuii construction, 

may be coumris^ of only Ihe half latch 1 and the AND gate Second Preferred Embodiment 

Gl- A portion 25 which is not required may be dispensed 50 _ 

with. The multiple clock CKFP as a result of the multiplexing 

Iho half latches 1 and 2 in combination are equivalent to ?L^L^T ^ T^JF ^ ^ C,OCk has « 

the conventional flip-flop 42. Then, onlv die addition of the StSXTfT' 7^J±° ? 0Ck ****** 

AND gale Gl is required when ihe conventional transmit- 47 i nd , u W™ 1 ^ d J Cult ° f nG ' 5 grates the ruonv- 

ting circuit is utilized. 55 crcd RCK - b ? phase comparison with the multiple 

d;* n ki^u 1* \ u , clock CKFP, presenting the danger of i/ieorrecl reproduction 

ji 4d >\ . H ™ ^ . b ! . **** present invention is intended to eliminate the danger. 

raiion circuit 46 comprises a clock recovery circuit 47 and a u * i j • / , Iap « an 5^ 

a frame pulse signal separation circuit 48 . Fl ?' 8 1 ,ft a block dia S raBa showing an iniernal structure of 

I7i rt * i c ± m^l. Ai« u - • L 1 60 Ihe signal separation circuii 46 in the digital data transmis- 

the c£ A recov^cte 47 T™? T °* * ion SyStCm acCOr *°S to ^ preferred embodiment 

the clock recovery circuii 47. As shown, the clock recovery Q f the present invention. As shown, the sicnal seoaraKon 

ciroiil 47 ccimprises a PLL (phase locked loop) circuit cirC uit 46 of the s^no^pX^ 

™™* g * 4 a dte rge pump 5, a loop wal of thc firsl prcfclTCd ^L7^Tth^T^: 
filter 6, and a voltage-controlled oscillator 8. 6S wcwery drcuil 4 ^ A generalcs tDe recovcrcd M 

in© phase comparator 4 makes a comparison between the based on the multiplo clock CKFP and the recovered frame 

phase of the multiplo clock CKFP and thc phase of the pulse signal RFP. 
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MO. 9 is a circuit diagram showing an internal structure 
of Ihu clock recovery circuil 47 A around the phase com- 
pjjrainr4- As shown, Ihc phase eompufHior4 has a first inpul 
for receiving adclayud multiple cluck IX.'KFP feenuraled by 
a delay Une 1)2 providing a delay to the multiple clock 
CKf , 'l > , and a second inpul lor receiving, the output from an 
AND gale C52 y and is connected so as to make a comparison 
between ihc phase of the signal at its first input and the phase 
of the signal h( it second input. The AND gale G2 receives 
a delayed recovered clock DRCK £onc rated hy a dulny line 
D3 providing a delay (o the recovered clock RCK, and tbo 
inverted recovered frame puJse signal "RFP to output ihc 
AND of the delayed recovere d cloc k DRCK and the inverted 
recovered frame pulse signal KIT*. 

The lime delay or the delay line l>2 equals the lime delay 
of the delay Knc D3. Tbcsc lime delays are not greater than 
one-hair the period (T/2) of the clock CK and satisfy ihc 
relationship shown in RO. 10. 

Then, the second inpul to the phase comparator 4 is the 
delayed recovered clock DRCK when the inverted recovered 
frame pulse signal RFP is high (tbo frame pulse signal FP is 
low), and is masked and fo rced low when the inverted 
recovered frame pulse signal KFF Is low (the frame pulse 
signal FP is high). 

Consequently, the output [ram the AND gate C2 is shaped 
into a waveform generally similar to tbo waveform of the 
delayed multiple clock DCKPP. *l"hi« provides a correct 
phase comparison daring the lime the frame pulse signal FP 
is active, thai is, the multiple clock CXFP is held low for one 
clock period or longer, permitting the recovered dock RCK 
to become a correct reproduction of me clock CK. 

The elements of the dock recovery circuit 47 A other than 
the phase comparator 4 arc similar in connection to those 
shown in FIG. 5. The arrangement of the second preferred 
cmbodimom is similar 10 dial of the iirst preferred embodi- 
ment shown in FIGS. 1 and 2 except the signal separation 
circuil 46 

Third Preferred Embodiment 

FlO. 11 is a circuit diagram showing an internal structure 
of the dock recovery circuit 47A in the digital data trans- 
mission system arouod tbo phase comparator 4 according to 
a third preferred embodiment erf the present invention. As 
shown, the up signal UP and tho down signal DWN from the 
phase comparator 4 are not directly outputtcd to the charge 
pump 5 but are outpnued to AND gates G3 and G4. 
Specifically, the up signal UP is applied to a first input of tbo 
AND gate G3, and the down signal DWN is applied to a first 
inpul of the AND gate G4. The AND gates G3 and G4 
receive the inverted recovered frame pulse signal WPP at 
their second inputs* 

The outputs from the AND gates G3 And G4 are outpulted 
as an up signal \3V2 and a down signal DWN2 10 Ihc charge 
pump 5 provided in tbc next stage. 

Then, the up signal UP and down signal DWN are 
outpuued inlacdy as the up signal UP2 and down s ignal 
DWN2 when the inverted recovered frame pufca signal KPP 
is high (the frame pulse signal FPis low). The up signal UP2 
and down signal DWN2 are masked and forced Jow when <jo 
the Inverted recovered frame puts* signal HPP is low (the 

frame pulse signal FP is high). 

Consequently, (be phase comparison result (up signal UP 
and down signal DWN) from the phase comparator 4 are 
disabled during the time the multiple clock CJOJP is held tS 
low for one clock period T or longer (during the time the 
inverted recovered frame pulse signal RFP is hold low). This 
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ovokls Ihc malfunctions of the charge pump 5 and provides 
a correct pha.se comparison during, the lime the multiple 
clock CKl'P is held row for one clock period T or longer, 
permitting Ihu recovered cluck RCK. to become a correal 
s reproduction or the clock CK. 

Since the phuse comparison in the phase comparator 4 
requires lime not greater than a hair clock period (T/2), ii is 
not noco?ttary lo provide a delay Ui the multiple clock (:Kl*'l> 
und the recovered clock UOK, unlike the second preferred 
10 embodimum shown in V\G. 9. 

The elements or the clock reenvcry circuit 47A other ihun 
the phase comparator 4 are similar in connection u> thc^o 
shown in MG. 3. The signal separation circuil 46 of ihc third 
preferred embodiment is similar in construction to that of the 
J second preferred embodiment shown in FIG. 8. llie arrange- 
ment or the third preferred embodiment is similar to that of 
Ihc lirsl preferred embodiment shown in MGS. 1 and 2 
except the signal separation circuil 46. 

30 Fourth Preferred Embodiment 

FIG. 12 is a circuil diagram showing an internal structure 
of the dock recovery circuit 47 A in the digital data trans* 
mission system around the phase comparator 4 according to 
25 a fourth preferred embodiment of the present invention. As 
shown, a switch 26 is connected between the charge pump 
5 and the loop filter 6. Tbc sw itch 2 6 is <m when Ihc inverted 
recovered frame pulse signal RFP is high (the rrurne pulse 
signal FP is low), and is off when the inverted recovered 
30 frame pulse signal WrP is low (the frame pulse signal PP is 
high). Turning off tho switch 26 cuts off a current path 
between the charge pump 5 and the loop filler 6. 

Then, the current path between the charge pump 5 and the 
lonp filler 6 is cm off and the PLL circuit is disabled during 
ihc timu ihc multiple clock CKFP is held low ror one clock 
period T or longer (duri ng the lime the inverted recovered 
frame puke signal RFP is held low for one clock period T 
or longer). This avoids the malfunctions of the PLL circuit 
if tho phase comparator 4 and charge pump S malfunction, 
and provides a correct phase comparison during tbc time the 
multiple clock CKFP is held low for one clock period T or 
longer, permitting the recovered clock RCK 10 become a 
correct reproduction of the clock CK. 

Since tbc phase comparison in the phase comparator 4 and 
the charging (up and down) in the charge pump 5 require 
time noi greater than a half clock period (T/2), It is not 
necessary id provide a delay to the multiple ctock CKFP and 
the recovered clock RCK, unlike ihc second preferred 
embodiment shown in FIG. 9. 

The elements of the clock recovery circuil 47 A other than 
the phase comparator 4 are similar in connection and con- 
struction to those shown in FIG. 5. The signal separation 
circuit 46 of the fourth preferred embodiment i« similar in 
construction to that of ihu second preferred embodiment 
shown in FIG. 8. The arrangement of the fourth preferred 
embodiment is similar to that of Ihc first preferred embodi- 
ment shown in FIGS. 1 and 2 except ihc signal separation 
circuil 46. 

Fifth Preferred embodiment 

FIG. 13 is a block diagram showing on internal structure 
of the clock recovery circuit 47 in the digital data transmis- 
sion system according lo a fifth preferred embodiment of Ihc 
present invention. As shown, the clock recovery circuit 47 
comprises the phase comparator 4, the charge pnrap 3, the 
loop filler 6, a variable delay line % and an OR gate G5. 
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The phaso comparator 4 makes a comparison befween (he characteristic portion associated with the .separation of the 
phase or ihc multiple clock CKI'P and the phase of the multiple clock* CKI'l'l to CKI'PN isshown in ihu rcccivin » 
delayed multiple clock DCKPP In oulpul the up signal UP portion 4 1) A. ° 
and Ihc down signal DWN 10 the change pump 5. Hie charge |?| C i. 16 is if Mock diagram showing <m infernal structure 

pump 5 appJi^lhoconlrol voltage VbihroiJfihlhc loop Alter 5 0 r ihc signal separation circuil 70. As shown, a dock 
6 lo ihc vanable delay line 7 on ihc basis of ihe up signal UP recovery circuil 80 output* ihc recovered ch.cts RCKI to 
and the down signal OWN. RCKN to the exterior and to frame pufce signal .separation 

The variable delay line 7 provides a time delay based on circuits PI) I to IUN, respectively, based <>n the multiple 
the control vollage Vb lo the multiple dock CKFP lo provide clocks CrKI"J>J to CTKi'PN. 

Ihc delayed I multiple clock DCJCPP. The OR ga |e C>5 per- 10 « lllc fame pulse signal separation circuits IU1 lo PON 
forms an OR. operaito^ tin the multiple clock CKFP and ihe output ihe recced Trame pulse signal* RPP1 to RIPN on 

! f FitT P l " (n,tpUt lbG rccovttred Ibo basis of ihe multiple clocks CKFPI lo CKFPN and (be 

clock Kl.K_ . recovered clocks RCKI to RCKN, respectively. 

Id ihe dock recovery circuil 47 or nhc Mlb preferred With reference to FIG, 17, each frame pulse signal 
embodiment, the ; phase comparator 4, the charge pumpMhe 15 separation circuit FDi (i-1 to N)> similar in internal con- 

oop bllcr 6, and the variable delay line 7 constitute a DLL struction to Ihc frame pulse signal separaiion circuil 48 of 
(dtlay locked loop), and a lime delay of n clock periods nT fa first preferred embodiment shown in MG. 6\ comprises 
of the, variable Oejayhnc 7 is controlled so tbal the delayed a Qlp-Qop 3 _ i and a delay line DDI Tbc flip-flop 3 i has 
mtmipleclc^^ a elock input for receiving the recovered clock "kcKJ 

phase. Thus, the delayed I multiple elock DCKIP lags cor- 20 through the delay lino Dt* a data input for receiving the 
rcctly n clock periods (where n ia a natural number) behind mnliiple clock CKFPi, and a data output for outputtina an 
The roulupjcdtoekj CKFP. For example, the delayed multiple inverted recovered frame pulse signal RFR The time delay 
cMDCKFP. which lagsc^rrccily one clock period T of the delay line DDi may be as short as not greater than a 
behind the mulnp]© dock CKFP may be provided as shown half period of The clock CK 

AD 25 FIO. 18 is a block diagram showing an internal structure 

lnus, ORing the multiple clock CKFP and the delayed of the clock recovery circuit 80. As shown, the clot* 
multiple clock DCKFP which lags nne dock period behind recovery circuit 80 comprise* the phase comparator 4, the 
the multiple clock CKFP allows the delayed multiple clock charge pump 5, the loop filter 6, variable delay lines 71 to 
DCKFP to modify a lime period over which the multiple 7N, and OR gales OGI to OGN. 

f^P^ jSfbfcld J 0W clock period Torkmger, 30 The phase comparator 4 makes a Comparison between the 

achieving ihc correct reproduction of the recovered clock pbase of the nmltiple clock CKFP1 and the phase of a 

.Jf . ^ ™ delayed mulriple clock DCKFP1 lo oulpul the up signal UP 

Additionally, lire use of the DLL for reproduction of the and the down signal DWN to the charge pump 5> The charge 
recovered clock RCK reduces the length of time required to M pump 5 applies ihe control voltage Vb through the loop filler 
synchronize the phases of the oauluple clock CKFP and ihe " ' 6 commonly to the variable delay lines 71 to 7N on the basis 
delayed multiple clock DCKFP as compared with the use of of Ihe up signal UP and the down signal DWN 
?° ™;^™blc ^ «oe7 which should provide the The variable delay lines 71 lo 7M provide time delays 

Umc delay of a* clock periods nT may increase the range of based on the control voltage Vb to iho nmltiple clocks 

f ^^7 ° ? recovered clock ROC a t which the DLL ^ CKFP1 to CKFPN to output delayed multiple clocks 
can be Incited as compared with the PLL to respond to a PCKFP1 to D CKFPN, respectively. Each OR date OGI (i*>l 
higher-speed clock CK. to N) performs an OR operation on the multiple clock 

Other elements of Ihe digital data transmission system of CKFPi and the delayed multiple clock DCKFPi to oulpul the 
the fifth preferred embodiment arc similar in construction to recovered clock RCKi. 

uiose of the first preferred embodiment shown in FIGS. 2 45 In the clock recovery circuit 80 of the sixth preferred 
aDd 5 * embodiment, the phase comparator 4, the charge pump 5, the 

Sixth Preferred Embodiment EX?!! ^ "EL*" l^f^'V 

which uses the control voltage Vb provided from the loop 

FIG. 15 is a block diagram showing a general structure of filter 6 to control the lime delays of the variable delay lines 

the digital data traiismission system according to a sixth 50 71 To 7N so that the multiple clock CKFPI and the delayed 

preferred embodiment of the present invention. As shown, N multiple clock DCKFPl are in phase. Thus, ihc delayed 

traiismitting portions 30_1 to 30_J* outpuL data DAI to multiple clock DCKFPi lags correctly n clock periods nT 

DAN and multiple clocks CKFPI to CKFPN, respectively. (where n is a natural number) behind the multiple clock 

A receiving porfion 40A receives all of the output* from the CKFPi. 

transmitting poikioos 30_1 to 30_N. 5J Since rbe lime delays arc controlled, there is no problem 

The receiving portion 4DA comprises a signal separation In controlling the lime delays of the variable delay lines 72 
circuit 7D for reproducing recovered clocks RCKI to RCKN to 7N for generadon of the delayed multiple docks DCKFE2 
and recovered rrame pulse signals RPP1 10 RFPN turn the to DCKFPN on the basis of the result or the phase corn- 
multiple clocks CKFPI to CKFPN. Each of the transmitting parisoo between the multiple clock CKFPI and the delayed 
portions 3Q_1 to 30__N is similar in internal construcUon to so rnujtiple clock DCJCTPl. 

the transmitting portion 30 of the £rat preferred embodiment Thus, ORing the multiple clock CKFPI and the delayed 

shown inFlGS. 1 and 2, and comprises a clock multiplexing multiple clock DCKFPi which Ugs n dock periods behind 
circuit. The receiving portion 40A, similar in internal eon- the multiple clock CKFPi allows the delayed multiple clock 
atruclion to the receiving portion 40 shown in FIG- 1, DCKFPi to modify a time period over which the multiple 
comprises flip-flops for processing data DAI to DAN and 65 clock CKFPi is held low for one clock period T or longer, 
operating in synchronism with the recovered docks RCKI achieving the correct reproduction of the recovered clock 
lo RCKN, respectively. For purposes of explanation, only a RCKi. 
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Add ilion ally. >ono pha-su Syn chronica I km processing pr»r- 
I ion comprised of the phase comparator 4, the charge pump 
5, and the limp lillcr 6 controls Ihc lime delays of the N 
variable dulay lines 71 to 7N. This eliminate* Lho tiuud for 
(N-l) phase synchrani/^lion processing portions lo achieve 
ihc siu/?ificam simplification of Ihc circuit arrangernenl and 
Ihc reduction in power consumption. 

It is desirable thai Ihc multiple clocks CKFPI lo CKFPN 
have ihc .same frequency. However when the frequency of 
a multiple clock CKFPi G equals any one of 2 to N) is K 
limes (K>0) the frequency or lho multiple clock CKFPI 
subjected lo the phase comparison in the DLU Ihc time 
delay of ihc variable delay line 7/ should he 1/K thai of ihc 
variable delay line 71. 

If the control input terminals of ibe variable delay line* 71 
lo 7N do not receive a bias voltage but a bias current, (N-J) 
current mirror circuits should bo used to supply ihc variable 
delay lines 72 lo 7N with the same amount of current as a 
current amount II lo be supplied to the variable delay line 
71. 

Seventh Preferred Embodiment 

FIG. 19 is a block diagram showing an internal structure 
of the signal separation circuit 70 in the digital data trans- 
mission system according lo a seventh preferred embodi- 
ment of the present invention. As shown, a clock recovery 
circuit 81 outputs the recovered clocks RCK1 to RCKN to 
the exterior and. to Ihc frame pulse signal separation circuits 
PD1 to FDN on.tho basis of a system dock SYSCK and In* 
multiple clocks CKFP1 to CKFPN. The system of the 
seventh preferred embodiment is similar in general construe- 
boo to thai of the sixth preferred embodiment shown in FIG. 
15. 

'Ihc frame pulse signal separation circuits Fin lo FON 
output the recovered frame pufce signals RFP1 to RFPN on 
the basis of the multiple docks CKFPI to CXPPN and the 
recovered clocks RCKI to RCKN, respectively. Each frame 
pulse signal separation circuit FDi (i-1 lo N) is similar in 
inLcmal construction to that of the sixth preferred embodi- 
ment shown in FIG, 17. 

FIG. 20 is. a block diagram showing an internal structure 
of lho clock recovery circuit 81. As shown, the clock 
recovery circuit 81 comprises a system PLL circuit 10 
including the phase comparator 4, the charge pump 5, the 
loop filter 6 and the vo It age-co otrol led oscillator 8; the 
variable delay lines 71 to 7N; and the OR gates OC1 lo 
OGN. 

The phase comparator 4 hi the system PLL circuit 10 
makes a comparison between the phase of an oscillation 
signal VCX ouipuLlcd from the voliage-controlled oscillator 
8 and the phase of the system clock SYSCK to output the up 
signal UP and die down signal OWN to the cltarge pump 5. 

Ihc charge pump 5 applies the control voltage Vb through 
the loop Oiler 6; commonly to the voltage -controlled oscil- 
lator 8 sod the variable delay lines 71 lo 7N on toe basis of 
the up signal UP and the down signal DWN, The voltage- 
coo trolled oscUliitor 8 outputs the oscillation signal VCK at 
an oscillation frequency based on Ihc control voltage Vb. 

The variable delay lines 71 to 7N provide time delays of 
one clock period T based on the control voltage Vb to the 
multiple clocks CKFPi to CKFPN to provide the delayed 
mnitiple clocks DCKFPI to DCKtfPN, respectively. 

Each OR gale OG1 (i=l to N) performs an OR operation 
on the multiple clock CKFPi and the delayed multiple clock 
DCKFPi to output the recovered clock RCKi. 
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In ihu clock recovery circuit 81 of Ihc seventh preferred 
embodiment, Ibe PU . comprised of the phase comparator 4, 
ihc chargu pump 5, the loop filler 6. and thu voleagc- 
conlmlkd oscillator 8 outputs the control voltage Vl> front 

5 the loop tiller 6 so thai the system clock SYSCK and Ihc 
oscillation signal VCK arc in phase. Thua, the delayed 
multiple clock IXXFFi la£* correctly one clock period T 
behind Ihc multiple clock OKI 'Pi. 

Since the lime delays are controlled, there is no problem 

n3 in controlling the time delays of the variable delay lines 71 
to 7N lor generation of Ihc delayed multiple clock* DCKFPI 
to IX:KFPN on Ibe basis or the resull of the phase com- 
parison between I he system clock SYSCK and the oscilla- 
tion signal VCK. from the voltage-controlled oscillator 8. 

1S Tbu.% ORmg the multiple clock CKFPi and the delayed 
multiple clock DCKFPi which lags one clock period behind 
the multiple clock CKFPi allows the delayed mnitiple clock 
DCKFPi lo modify u lime period over which the multiple 
clock CKFPi is held low for one clock period T or longer, 

20 achieving ibe correct reproduction or the recovered clock 
RCKi. 

Additionally, the single system PLL circuit 10 comprised 
of the phase comparator 4, tho charge pu mp 5, the loop filler 
6» and Ihc voltage-controlled oscillator 8 controls the time 

25 delays of the N variable delay lines 71 to 7N. This eliminates 
the need for (N-l) PLL circuit portions to achieve the 
significant simplification of the circuit arrangement and the 
reduction in power coosurrtpt ion- 
Further, the system clock SYSCK used as a reference 

30 signal for the phase comparison In ibe system PLL circuit 10 
is independent of the multiple clocks CKFPI to CKFPN and 
is not multiplexed with the frame putee signal FR Thus, the 
system PLL circuit 10 is reliably locked at an early stage 
without malfunctions. 

35 It is desirable thai the system clock SYSCK and the 
multiple clocks CKFPI to CKFPN have the same frequency. 
However, when Ibe frequency of a multiple clock CKPPj 0 
equals any one of 1 to N) is K times (K>0) the frequency of 
the system clock SYSCK, the voltage-corrtrolled oscillator 8 

40 and the variable delay lines 71 to 7N should be constructed 
by identical delay elements, and the number of delay stages 
Of the variable delay line fj should be 1/K that of the 
volia go-controlled oscillator 8. 

If lho control input terminals of the variable delay lines 71 

45 to 7N do not receive a bias voltage but a bias current, N 
current minor circuit* should be used to supply the variable 
delay lines 71 to 7NT with the same amount of current as tho 
amount of control current from the system PLL circuit 10. 
Furthermore, the arrangement of the clock recovery cir- 

50 cuit 81 of the seventh preferred embodiment where N-l may 
be used in place of the clock recovery circuit 47 of the fifth 
preferred embodiment shown in FIG. 13. 

Eighth Preferred Dmbodiment 

55 JHCi. 21 is a block diagram showing an internal structure 
of tho clock recovery circuit 47 in the digital data transmis- 
sion system according to an eighth preferred embodiment of 
the present invention. The general Structure of the eighth 
preferred embodiment is similar to thai of the first preferred 

so embodiment shown m FIG. 1. Tbe signal separation circuit 
46 of the eighth preferred embodiment is similar to con- 
struction to that of ibe first preferred embodiment shown in 
FIG. 5. 

Referring to FIG. 21, the clock recovery circuit 47 com- 
65 prises a PLL circuit including the phase comparator 4, the 
charge pump 5, the loop filter 6, and the voltage-controlled 
oscillator 8. 
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The phaso comparator 4 makes a comparison between ihc 
phase (»f a clock ORCK. oulpuiicd from an OU gale (16 and 
the phase oflhc recovered cluck KCK to output the up signal 
UP "an J ihc down signal OWN to I he chaise pump 5. The 
charge pump 5 applies ihc control voltage Vb through ihc 5 
loop filter 6 u> Ihc voh age -con I rolled oscillator 8 on Ihe basis 
of ihc up signal UP and Ihc down signal DWN. Thu 
voltage-controlled oscillator 8 ampuls the recovered clock 
RCK which oscillates at a frequency based on Ihe control 
voltage Vb, io 

J "he control voltaic Vb oui pulled from Ihc loop filler 6 is 
also applied to a variable delay line 9. The variable delay 
line 9 provides a lime delay based on the oonLroJ voltage Vb 
to ihe multiple clock CKFP to output the delayed multiple 
clock DCKFK The Oil gate Go* performs an OR operation JS 
on the multiple clock CKFP and Ihe delayed multiple clock 
DCKFP io output the clock ORCK.. 

'Ihe voltage-controlled oscillator 8 comprises a ring oscil- 
lator including JO inverters (delay elements) (where K is an 
odd number). The lime delay of the variable delay line 9 211 
including X in-series connected inverters like the voltage- 
conffoDbd os^iUotorS becomes equal to one clock period of 
the recovered clock. Then, the waveform or the clock ORCK 
becomes tmbManlially similar to that of the clock CK. 

When the PLL synchronizes the clock ORCK and the 29 
recovered clock RCK, the recovered clock RCK which is a 
substantially correct reproduction or ihe clock CK is oul- 
putlcd. 

Additionally-, the multiple clock CKFP is not directly used 30 
lor the phase comparison m the PLL Thus, the PLL is 
reliably locked at an early stage without malfunctions. 
. If the control input terminal of the variable delay line 9 
does not receive a bias voltage but a bias current, a current 
mirror circuit should t>c used to supply the variable delay 3fl 
line 9 with the same amount of current as the amount of 
current into which the control voltage Vb is converted. 

Ninth Preferred Embodiment 

FIG. 22 is a circuit diagram of the clock multiplexing 40 
circuit 36 in ihe digital data transmission system according 
to a ninth preferred embodiment of the present invention. 

The clock multiplexing circuit 36 of ihc ninth preferred 
embodiment comprises the half lalches 1 and 2, an OR gate 45 
G7 V and an AND gate G8. For purposes of explanation, the 
frame pulse signal FP a half dock period 072) earlier is 
referred to as the preliminary frame pulse signal FFP2, and 
the frame pulse signal PP one clock period (T) earlier is 
referred to as foe preliminary frame pulse signal PFPL J0 

The bah? latch 1 receives the preliminary frame pulse 
signal PFP1 and the inverted version of the clock CK. When 
the dock CK is low, the half latch 1 is in a through slate 
wherein the preliminary frame pulac signal PFPl is output- 
ted intactly as the preliminary Crarac pulse signal PFP2. 53 
When ihc dock CK is high, the naif latch I is in a lalch stale 
wherein an imiriodiately precediug output value of the 
preliminary frame pulse signal PFPl is ontpuned as Ihe 
prohrninary frame putee signal PFP2. 

The half latch 2 receives the preliminary frame pulse 00 
signal PFP2 and tho clock CK When lho clock CK is high, 
the half latch 2 is in a through state wherein Ihe preliminary 
frame pulse signal PFP2 is oufputted inlactly as the frame 
pulse signal PP. When the clock CK is low, ihe hall' laicb 2 
is in a latch state wherein an immediately preceding output $5 
value of the preliminary frame pulse signal PFP2 is output- 
led as the frame pulse signal PP. 
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The OR gale <V7 receives an inverted version of an enable 
signal UN and ihe inverted version of Ihe preliminary frame 
pulse signal PFP2. Upon reccjpi of ihc clock CK and the 
output from ihe OR gale G7, ihc AND gale Cifl pcrtWms an 
AND operation on Ihc clock CK and Ihe output from the OR 
«ale U7 to oulpul Ihc multiple clock ('KIP. 

ITC. 23 is a timing chart showing ihe multiplexing 
opera lion of the etock multiplexing circuil 36 of the oimh 
preferred embodiment. As shown, when lbe enable signal 
liN is low, the oulpul from ihc OR gale G7 is fixed high, aod 
the clock CK i& outpattcd inlactly as lbe multiple clock 
CKFP. That is, the fund ion of multiplexing the frame pulse 
signal FP in the clock multiplexing circuit 36 is disabled. 

When the enable signal EN is high, on the other hand, a 
signal corresponding to the clock CK. which Is masked (fixed 
low) during the time the frame pulse signal FP is active 
(during the lime the frame pulse signal FP is high) is 
outputtcd as the multiple clock CKFP. 

In this manner, the clock multiplexing circuit 36 of the 
ninth preferred embodiment is based on the enable signal 
EN to suitably select as the multiple clock CKFP either the 
clock CK or the signal provided by multiplexing the frame 
pulse signal FP and the clock CK together. 

For example, holding ihe enable signal £N low to output 
tbe clock CK a* the multiple clock CKFP uatil the PLL or 
DLL in the clock recovery circuit 47 of the receiving portion 
40 is locked prevents ihe malfunctions of the PU- (DLL) at 
a frame pulse signal position of the multiple clock CKFP. 
permitting the PIX (DLL) to be reliably locked at an carry 
stage. After the PIX or DLL is reliably locked, the enable 
signal EN should be made high 10 output the multiple clock 
CKFP which is the result of tbe actual multiplexing. 

The clock multiplexing circuit 36 is required to output 
only the multiple clock CKFP. If the clock multiplexing 
circuil 36 need not output the frame pulse signal FP, the half 
latch 2 is not required in practice, and tbe dock multiplexing 
circuit 36 may be comprised of only the half latch 1, the OR 
gate G7, and the AND gate G8. The portion 25 which is not 
required may be dispensed with. 

Tenth Preferred Embodiment 

FIG. 24 is a block diagram showing an internal structure 
of tbe clock recovery circuit 47 (47A) according to a tenth 
preferred embodiment of tbe present invention. As shown, 
tbe clock recovery circuil 47 (47 A) comprises a lock detec- 
tion circuit 24 in addition to the PLL or DLL. The lock 
detection circuit 24 detects two input signals to tbe phase 
comparator 4 to detect whether or not the PLL or DLL is 
locked. Upon detection Of the locked siaio, the lock detec- 
tion circuit 24 forces the phase comparator 4 10 stop the 
phase comparison. 

Such an arrangement prevents the malfunctions of the 
PLL (DLL) ai Ihe frame pulse signal position «f tbe multiple 
clock CKFP sHer the PLL or DLL is locked. In tins case, it 
is not necessary 10 provide a masking c ircuit using the 
inverted recovered frame pulse signal RFP which is 
described in U>e second lo fourth preferred embodiments. 

As indicated by the broken arrow of FIO. 24, a lock 
detection signal LOCK which is high when tbe PLL or UlX 
is locked and which is low when unlocked may be outputtcd 
to the exterior so that other external components may use tbe 
lock detection signal LOCK 

FIG- 25 is a block diagram of a first application of the 
clock recovery circuit according to the tenth preferred 
embodiment. As shown, N transmitting portions 30B_1 to 
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3015 N comprise flip-Hops 31 I to 31 N Tor outfitting milling portion 30H 1 requires thu addition of one signal 

Ihc data DAI lo DAN through drivers 33.. 1 lu 33 N lire;. However, required is the addition of only one signal 

provided therein, and clock multiplexing circuits 3(5 I to line for the structure comprising tilt N transmitting portions 

36 N lor oulpulling Uie multiple cluck. CKJ-'Pi lo t.'KJ-l'N 30H . 1 to 3015 N and the receiving portion 401), which is 

through drivers 34 1 lo 34 N provided thereto, rospoc- 5 loss burdensome. 

lively. A receiving portion 4015 receives all of the outputs l'KJ.26 Ls a block diagram of a second application of the 

Tmm the transmitting portions 3015 I lo 3015 N. kmth preferred emhodimunt. As shown, Ihe second appltca- 

A signal separatk>n circuit 7015 in the receiving portion lion 6, . b l u " sd on , ,h « IronsmissitKi system comprising 

4015 reproduces the recovered clocks RCK1 to RCKN and '""nsmilling and receivitm portions 90A and !>0U cawh 

the recovered frame pulse signals ftl'Pl lo UVN from the •>» having a^nsinitting and reiving function, 

multiple clocks CKITl lo CKI'W, and outputs the Jock A . B ! ock mu liplesuog clrctnl 36A in the transmitting and 

dulec ion signal LOCK, lo Ihe Iransmilling portion 3015 1. ^ P^ 00 ,fart * n "f « ""dUple clock CKljlti 

THe receive portion 4015, similar in internal construciTon t^^Tm^t ?,a -I ZT™^-™* T™ & 

to the receiving, portion 40 shown in HO. 1, comprises » A * l«nsroin.ng and r«ciy- 

nip-Oops for procaine ,he data IJAl to DAN and opening « "» pofon MAlxansmtts data DAu through » driver »Alo 

in synchronism with tte recovered clocks Kt'Kl to RCKl£ L^S^S^fn'tfZ ^.iS*" ^ 

respectively. |. 0 r purposes of explanation. only a charades ^.^^ffi^S^liS i" . ^t,^ 

istic pordon ISSOdtlVed with ihe separation J .lu; multiple f 00 ^ " ""P** ^ 

etodiCKMM to CKITN is shown in Ihv receiving portion ^Z^JJ^-JStL ?m " ^2?*%'"* ^"."6. 

b ' -, () porUon 9QA- A Dip-Hop 3 IB in ifac transmitting and reooiv- 

' . .,__„. ...... , in© portion 90)3 transmits data DAd through a driver 33B lo 

The signal separation circuit 7015 « similar .n .menial ±c , raosmttUns ^ raving portion 90A. 

"f™! 100 »*■ ^f? 1 ^"^[T'l 7 ? * "~ ! " X ' h A signal separation circuit 46A in the trntsmillinn and 

c^uT^lT^Sutl^'rl ItUoi^^r^to receMnTpoX SK)A raeeive* the multiple clock CKp£l 

caret.,! 80Bcomprt^ *B loekdelec l 24 shown tn drf 44A lo separate a recovered do«* RCKd 

FIG. 24 in addition to Ihc components of Ihc clock recovery » . -~~L„,,„_j * . — .w_ „„,„i dcoj „_ CTZ:. _r7iZ 

circuit 60 of the sixth preferred embodiment shown In RfJ ^il^l^^pA^i^i^^ ™ 

18. The clock recover? circuil 8015 outputs the lock detec- %££j^S2£ ma fiJ*,'? 'S^E^T 8 

ri „ , „ ,,.„,„•.,.- „, „• „ , and receiving portion 9 OA receives the data DAd through a 

tionjnflnal LOCK to the transmuting portion 3015 1. driver 43A to jcrfonn signal processing on the data DAd in 

^ ^ »' d, 'Pl«"f«»g.«rotiit 36. I or Ihc transmitting synchronism wiUl ib* rewvered clock RCKd.. LOaswise, a 

portion 30B_J is similar in construction lo the clock mul- signal separation circuit 46B in the transmitting and receiv- 

iiplBwagoircini of Ihe mnth preEerrcd emhodimcnt shown in tog portion 90B receives ihc multiple clock. CKFPu through 

FIG. 22, The clock mulupbnng circu .l 36 I has an enable a drivEr 44B to separate a recovered clock RCKd and a 

function of multiplexing the frame pulse signal 11*1 and the recovered frame pulse signal RFPu on the basis of the 

clot* CK1 together to ontput the multiple clock CKJ-1'I ctoek cxp^ A £,; p . 8 43T1 u MmmUiln& 

when the enable signal liN is high, ami oulpu uing Ihe clock and receiving portion 90B receives the data DAn throunb a 

9 41 .^fiy ?* tomuldplc dock CKIT1 when the enable driver 43B tn perform signal processing on the data DAn in 

signal EN is low. The dock mulbplcxing circuits 36_J2 to • synQhn ^ sm with the reayvereddodcRCKa. 

S^SS^Ti 2lo30B_N,«im- The clock muhiplexi^ circui't 36A of the iransmilling and 

^ «X^ ^L?K^o^ mU . 1 "^' r ? C T' 1 of T 40 receiving portion PoXrimOar in instruction to the flock 

fitsl prelerruo emooounonl Shown in FIG. 2, mulliplex ihe ™tii««i^«f> Tsp >ka r a ™i>,wi:™-* 

frame pulse signal* FF2 to FPN and the dockk CK2f CKN S^kSidL^Tw^^ 

r^pccuvcly bin cfo no have dte ewbW ftuwilOU- wbeti a Q enablc^gnal ENu k high, and outputs rtm clock 

™* T 1 ^ 1 ^ 13 ? 0 ^ 11 ? 6 - A of ^ l^^»^S 45 CKu intactly as 1he tnulliplc dock CKFPu wbcp ibe enable 

portion 30B_1 rcc&±ve& the lode dclcclion signal LOCK as signal ENu is low 

the enable signal ^^1^ a driver 37. Then, Ibc clock Tno deck miiln^lexliig euro* 361) orihe transmiUing and 

m f^ XU, l^ 1 ^f*^ lh ° ^ ^ receiving p«ucn90BCilso similar id ^nsiruciion to the 

c^^^^J^ clockm^plcxingcircuiioru.cn^ 

/i^TTt x* C , *™ JS9t fe , U fi b 50 shown in FIG. 22, multiplexes a train* pubc signal FPd aad 

(to the l^edsiaie^^u^uis ihc dock CKlrnlactly as a ^ Qta logetber to oulpui the nrStiple clock CKFPd 

m^^1^>, C ^^ ,l l ^ ^ Slfinal wten an enable ^gnaJ ENdThigh, and outputs the dock 

LOCK is low (m; loo unlocked state). CKtf i madly as the mulliple dock CKFPd when ihe enabl* 

rn ihe first application shown in FIG. 25 f the clock signal ENd is low. The clocks CKu and CKd have [hv same 

recovery circuit 8011 receive* ihe clotk CK1 as the mulLiplc 55 rreciuency 

clock CKFP1 urjtil the DLL provided therein is locked. Tb, separation drcull 46Aof the transmitting and 

mulUplextag of the frame pulse FP1 with Iho receiving portion 90A comprises a clock recovery circuit 

dock CK1, the DLL is prevented from matfunCUouing and ^ a pube separalion ci/ciiit as shown in FIG. 4. The 

reliably locked at an early stage. clock recovery circuit may bo of any one of the constructions 

After the DLL of ihe clock recovery circuil SOB is locked so CUustrated in the first lo fifth, and eighth preferred ombocnV 

(the lock detection signal LOCK goes high), the clock ments. The clock recovery circuil, however, comprises Ihc 

recovery circuit SOB receives tbe qctual mulliple clock lock detection circuit 24 shown in FIG. 24 io addition to tbo 

CKFP1 provided by multiplexing the framo pulse signal FP1 synchronization loop circuit, that is, the PLL or DLL circuit, 

and the clock CKl from the dock multiplexing circuit A lock detection signal LOCKu from ihe lock detection 

36— !■ 6i circuit 24 is ouipulted as the enable signal ENu for the clock 

In the first application, outputtiog the lock detection multiplexing circuit 36A. l^e frame pulse separation circuit 

signal LOCK from the receiving portion 40B to the trans- has a construction shown in FIG. 6. 
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Thu signal xcparauon circuit 461) ol" the transmitting and unlocked stale uf the synchronize lion loop of the multiple 

receiving portion 901* also uimprisos a cluck recovery clock receiving cud U> change the content* »f the multiple 

circuit and a frame pulse separation circuit as shown in clock on the basis of the lock detection signal of the 

4. The elock recovery circuit may be uf any one of the syncbronifcHtinn K*>p therein. Therefore, the second appli- 

constructions ilfusiraied in the first to iiJUi, and eighth 5 calion is oflcciive in uUminaiinfi the need for an externa! 

preferred embodiments. The clock recovery circuit, S^nal line xvh,ch is provided in the hrsl applicaUon. 

however, comprises the lock detection circuit 24 .shown in fJlevcmh Preferred timbodimenL 

PIG. 24 in addition to die synchronization loop circuit. A , lKi 27 is a circuit ^ &THin lowing as internal structure 

lock detection signal LOCKd from Ihe |oi* detection etrcuil of lhc clock mu iii p | cx i ng drwii in Ihe di^inl data trans- 

24 Ls ouiputicd as Ibis enable signal UNd lor the clock 10 mission system according u> an eleventh preferred embodi- 

multiplexing circuit 36\l. The frame pulse separation circuit 0 f lne present inventum. The general structure of the 

has a constniciida shown in FIG. 6. eleven Hi preferred embodiment is similar 10 that of the ilrst 

Since the synchronises lion loops (PLLs or DT.,U) of the preferred embodimcnl shown in FIG. 1. 

recovery circuils of too signal separation circuits 46A and For purposes of explanation, the frame pulse signal FP a 

46B are similar in construction and the clocks CKu and CKd l* half clock period (T/2) earlier is referred to as the prelimi- 

have the same period, both of the synchronization loops are nary frame pulse sigpal L»FP2, the frame pulse signal FP one 

locked subaanilalry al the same lime. Therefore, the trans- clock period (T) earlier is referred to as the preliminary 

mining and receiving portions 90A and WTO may deled frurw pulse : signal i PFPl^and the frame pulse signal FPooc 

whether the synchronization loops of signal separation cir- ^ ( ^ ^ r to rcfcrrcd to ** a P rc " 

cuils 46A and 4*B provided therein are locked or unlocked 211 liminary rramc pulse signal 1 IPO. , 

to estimate the lime when the synebmnization loops of the A*** ^ " TE^*??^^ 

the clock multiple^ circuit 36 A .« 36B, respectively, * j^^^ 

In the second applicalioD shown in FIG- 26. the clock output value of the preliminary frame pulse signal PFPO ifr 
multiplexing circuit 36A of ihe transmit ting and receiving oulputlcd as the preliminary frame pulse Signal PFP1. 
portion 90A outputs the clock CKu as the multiple clock A half latch 12 receives the preliminary frame pulse signal 
CKFPu until the synchronization loop in the signal scpara- pHPl and ihe inverted version' of ihe clock CK, When the 
lion circuit 46A is locked (the lock detection signal LOCKn dock CK is low; ihe half late* 12 is in a through state 
goes high), that, is, il is estimated that the synchronization wherein the preliminary frame pulse signal FFP1 is output- 
loop id the Signal separation circuit. 4&B of the transmitting let j intactry as the preliminary frame pulse signal PFF2. 
and receiving portion 90B has been locked. The signal When tbc clock CK is high, the half latch 12 is in a latch 
separation circuit 46B of the transmitting and receiving state wherein an immediately preceding output value of the 
portion 90B may prevent the malfunctions of the synchro- " preliminary frame pulse signal PFP1 is oelpuUed as the 
nization loop in the clock recovery circuit therein and allows preliminary frame pulse signal PFP2. 
the synchronization loop to be rcHabry locked at an early Ahalf Ulch 13 i^civ^ the preliminary frame pulse signal 
sta S c * FFP2 and the clock CK- When the clock CK is high, tbe half 

Alter il is estimated that the sytrchrtanization loop of the w latch 13 is in a through stalo wherein the preliminary frame 

clock recovery circuit in the signal separation circuit 4€B pulse signal PFF2 is oulpUUed intacUy as the frame pulse 

has been locked (the lock detection signal LOCKu from the signal FP. When the clock CK is low, the half latch 13 is in 

signal separation circuit 46A goes high), the clock roulti- a latch state wherein an immediately preceding output value 

plcxing circuit 3 6A outputs to the iransmitting and receiving of the preliminary frame pulse signal PFP2 is outputted as 
portion 90B the- actual multiple clock CKFPu provided by ^ the frame pulse signal FR 

multiplexing the frame pulse signal FPu and the clock CKu. ^ selection circuit 14 receives the preliminary frame pulse 

Likewise; the clock rmdliplcxing circuit 363 of the trans- signal PFP1* an inverted version of the preliminary frame 

milting and receiving portion M>B outputs the clock CKd as pulso signal PFP2, and the clock CK. When the clock CK is 

the multiple clock CKFPd until the synchronization loop in high, the selection circuit 14 outputs the in verted version of 
tbc signal separation drcuit 4AB is locked (the lock dctcc- ^ the preliminary frame pulse signal PFP2 as the multiple 

lion signal LOCKd goes high), that is, it is estimated thai the clock CKFR When ihe clock CK is low, the selection cjrcui t 

synchronization i loop in Ihe signal separation circuit 4dA of 14 outputs ihe preliminary frame pulse signal PFP1 as the 

the ininsmittiogand receiving portion 9ftA has been locked. multiple clock CKFP. 

The signal separation circuit 46A of the transmuting and MO. 2tf is a timing chart showing the multiplexing 
receiving poruop 90A may prtvbnl the malfunctions of the „ operation oi ihe clock multiplexing cireojl 36 aogording U) 

synchronization loop in the clock recovery circuit therein eleventh preferred embodiment. As shown, when the 

and allows the synchronization loop to be reliably locked at clock CK and tbe frame pulse signal FP (preliminary frame 

an early stage. pulse signals PFP1 and PFP2) are generated, the mulliple 

After il is estimated that Ihe synchronisation loop of the clock CKFP is oulpttUed which has a period (2T) twice tbe 
clock recovery pircuii in tbe signal separation circuit 4tfA ^ normal period of the multiple clock CKFP during the time 

has been locked ^Lhe lock detection signal LOCKd from the the frame pulse signal FP is active. 

signal separation circuit 46B goes high), the clock mulii- Thus, the multiple clock CKFP generated by the clock 

plexing circuit 36B outputs to the transmitting and receiving multiplexing circuit 3$ of tbc eleventh preferred cmbodi- 

portion 9 OA the actual multiple clock CKFPd provided by meni has a DC valance and a iransmissioD characteristic 

multiplexing ihe frame pulse signal FPd and the clock CKd. which are better than those of ihe multiple clock generated 

in the second appticatioo, each of the transmitting and. by a multiplexing method which causes a m Using clock 

receiving portions 90A and 90B estimates the locked/ pulse. 
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Like the clock mulliplcjfing circuit 36 of the ninth pre- 
ferred embodiment shown in FJG. 22. the dock multiplexing 
circuit 36 oflhe eleventh preferred embodiment may control 
the enabling/disabling of the multiplexing of trvo frame pulse 
signal l*P using the enable signal EN lo ouipul the miiJiiple 
clock CKFP. 

Tbe signal separation circuit 46 or the eleventh preferred 
embodiment may be similar in construction to thai of the 
llrsi pre forced embodiment shown in FIG. 4. Thai in, the 
frame pulse signal separation circuit 4R of this Jirst preferred 
embodiment shown in FIG. 6 is capable of reproducing the 
frame pulse signal FP from the multiple clock CKFP gen- 
erated by ihc clock multiplexing circuit 36 of the eleventh 
preferred embodiment- The dock recovery circuit 47 of the 
eleventh preferred embodiment may bavo the circuit con- 
struction of the first preferred embodiment shown in FIC5. S. 

The signal separation circuit 46 may he of the construc- 
tion ol the second 10 fourth preferred embodiments .shown in 
FIG. 8- In this case, the malfunction prevention circuit oC the 
second, third, and fourth preferred embodiments shown in 
FIGS. 9, 11, and 12 may be applied to Ibo clock recovery 
circuit 47. 

Twelfth Preferred Embodiment 

45 

FIG. 29 is a partial circuit diagram showing an internal 
structure of the -clock recovery circuit 47 in the digital data 
transmission system according lo a twelfth preferred 
embodiment of the present invention. 

A variable delay tine 21 provides a time delay of n clock 30 
periods to the multiple clock CKFP to output the delayed 
multiple clock DCKFP1. A variable delay line 22 provides 
a time delay of n dock periods lo the delayed multiple clock 
DCKFP1 to output the delayed multiple clock DCKFP2. 

r fho lime delays of the variable delay lines 21 and 22 arc 
controlled by the control voltage Vb. The control voltage Vb 
provided by the DLL shown in FIGS- 13, 18 and 20 may be 
used as the control voltage Vb of the twelfth preferred 
embodiment. Alternatively, the control voltage Vb provided 
by tbe system PIX circuit 10 of the eighth preferred embodi- 
ment shown in .FIG. 20 may be employed. 

A majority circuit 23 receives the multiple cloc k CKF P, 
and the delayed multiple clocks PCKFP1 and DCKFP2 to 
output the recovered clock RCK whose level is one of the 
high and low levels of the three signals which has a majority. 

Referring, to* FIG. 30, for example, when tbe delayed 
multiple clock OCKFP1 lags one clock period behind the 
multiple dock CKFP and the delayed multiple clock 
DCKFP2 lags one clock period behind the delayed multiple 
clock CKFP1, jibe doubled clock rates of the respective 
signals are corrected to a normal dock rale, and the correct 
recovered cloclc RCK is provided. 

When the frequency of the multiple clock CKFP is K 
limes (K>0) the frequency of the clock for tbe phnse 
comparison in Che DLL, the number of delay element stages 
of the variablej delay lines 21 and 22 should be 1/K the 
number of variable delay clement stages lo be controlled by 
the DLL or the number of delay element stages of the VCO 
in the system 1*UL. 

If the control JPput terminals of the variable delay lines 21 

and 22 do not receive a bias voltage but a bias current, two 
current mirror circuits should bo used to supply the bias 
current to the variable delay lines 21 and 22. 

In this manner, the clock recovery circuit 47 of the twelfth 63 
preferred embodiment may be implemented only by substi- 
tuting the two variable delay lines 21 and 22 and the 



40 



majority circuit 23 for Ihc variable delay line 7 and the OR 
gale 05 of the clock recovery circuit of FIG. 13. (hereby 
correctly reproducing the multiple cluck having a heller DC 
balance and a better transmission characteristic. 

While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. II Is understood that numerous other mudil ica- 
lions and variations can he devised without departing from 
the scope of the invention. 

We claim; 

1. A digital data transmission system for iransmitUng 
digital data io a frame synchronization manner, said digital 
data transmission system comprising a transmitting portion 
for transmitting digital data, and a receiving portion for 
receiving said digital daia, 

said transmitting portion comprising 

a dock multiplexing circuit for multiplexing a frame 
pulse signal for frame synchronization with a clock 
having a predetermined period to output a multiple 
clock to said receiving portion, 
said receiving portion comprising 

a clock recovery circuit for reproducing said dock from 
said multiple dock to provide a recovered dock by 
using a synchronization loop circuit for synchroniz- 
ing a reference signal associated with said multiple 
dock and a comparison outpul signal, and 

a frame pulse signal separation circuit for separating 
said frame pulse signal from said multiple clock to 
provide a recovered frame pulse signal by using said 
recovered clock. 

2. Tbe digital data transmission system according lo claim 

1* 

wherein said clock multiplexing circuit mciudes 

dock shaping means receiving said clock and said 
frame pulse signal, said clock shaping means for 
performing a shaping process of masking said dock 
at a fixed value at least for said predetermined period 
during a lame said frame pulse signal is active, said 
clock shaping means for ou [putting said clock 
intactly as said multiple dock for other lime periods. 
. The digital data transmission system according to claim 
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wherein said clock shaping means further receives an 
enable signal and includes 

enabling means for disabling said shaping process to 
force said clock to be outputlcd inladly as said 
multiple clock when said enable signal is inactive. 
4. Tbe digital data transmission system according lo claim 

* 

wherein said clock recovery circuit includes: 

phase comparing means for making a comparison 
between the phase of said multiple clock and the 
phase of a delayed multiple dock, 

control M£na! output means for oulpulling a control 
signal on the basis of a result of the phase compari- 
son of said phase comparing means, and 

variable dday means for providing a time delay of n 
limes said predeiermined period (where n is a natural 
number) to said multiple dock on I be basis of said 
control signal lo output said delayed multiple clock, 

said phase comparing means, said control signal output 
means, and said variable delay means constimtiog a 
DLL circuit for performing a delay synchronization 
process 00 said multiple clock and said delayed 
multiple clock, 

said synchronization loop circuit induding said DLL 
circuit, 
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said ru Terence .signal including said multiple cluck, 
said comparison ciulpul signal including said delayed 

multiple clock, and 
wlKfein Nil id cluck recovery circuit I'urlbur includes 
logical C)k means for OUing said multiple clock and 
said delayed multiple dock lo output Said recov- 
ered clock. 

. 'ITie digital ilata transmission system according to claim 



6, 



2, 



wherein said clock recovery circuit includes: 

phase comparing means lor making a comparison 
between the phase ol" a system clock and the phase of 
an oscillation signal, 

control sign*] output means for output ling a control 15 
signal 00 the basis of a result of the phase compari- 
son of said phase com paring means, 

oscillating means for general in» .said uscillalion signal 
at an oscillation frequency based on said control 
eiignal, and 20 

variable delay means for providing a lime delay of said 
predetermined period to said multiple clock on ihc 
basis of said control signal U> output a delayed 
multiple clock, 

said phase comparing means, «a id control signal output 25 
means, and said oscillating moans constituting » PI 4 - 
circuit for performing a phase synchronization pro- 
cess on said system clock and said oscillation signal, 2, 

said synchronization loop circuit including said ILL 
circuit* jo 

said reference signal including said system clock, 

said comparison output signal including said oscillation 
signal, and 

wherein said dock recovery circuit further includes 
logical OR means for ORing said multiple clock and 55 
said delayed multiple clock lo outpui said recov- 
ered clock. 

6. The digital data transmission system according 10 claim 



7. 'Hie digital data transmission system according lo claim 

wherein said oscillating means includes a predclermined 
number oT oscillating delay elements am nee led in u 
loop and having respective lime delays controlled by 
said control signal, 
wherein said variable delay means includes a predeter- 
mined number of variable delay elements connected in 
purjes and having respective time delays controlled by 
i u sakl control signal, Lbo number of variable delay ele- 
ments being equal to the number or said oscillating 
delay element*, and 
wherein the lime delay* of said predetermined number of 
oscillating delay elements based on said control signal 
arc equal to the lime delays of said predetermined 
number of variable delay elements bused 00 said con- 
trol slgnaL 

8. The digital data transmission system according to claim 

wherein said frame pulse signal separation circuit 
includes 

fixed value delecting means for delecting whether Or 
not said multiple clock maintains Said fixed value for 
said predetermined period to outpui said recovered 
frame puke signal which is active when said mul- 
tiple clock maintains said fixed value for said pre- 
determined period and is inactive otherwise. 

9. The digital data transmission system according to claim 



wherein said dock recovery circuit includes: 40 
phase comparing means for making a comparison 

between the phase of a comparison dock and the 

phase of said recovered clock, 
control signal output mean* for oulpuliing a control 

signal on the basis of a result of lbo phase com pari- 45 

son of said phase comparing means, 
oscillating means for generating said recovered clock ai 

an oscillation frequency based 00 said control signal, 

and ' ' 

variable delay means for providing a time delay of said so 
predetermined period to said multiple clock on the 
basis of ( said control signal to output a delayed 
multiple i clock, 

said phase comparing means, said control signal output 
mean*, &ad said oscillating means constituting a PLL 55 
circuit for performing a phase synchronization pro- 
cess on said comparison clock and said recovered 
clock, ■ 

said synchronization loop circuit including said PLL 

circuit, 1 60 
said reference Signal including said comparison clock, 
said comparison output signal including said recovered 
clock, and 

wherein said clock recovery circuit further includes 
logical OR means for ORing said multiple clock and 65 
said delayed multiple clock to output said com- 
parison dock. 



wherein said dock recovery circuit includes: 

phase comparing means for making a comparison 
between the phase of said multiple dock and the 
phase of said recovered clock, 
control signal output means for outsailing a control 
signal on the basis of a result of the phase compari- 
son of said phase comparing means, and 
oscillating means for generating said recovered clock at 
an oscillation frequency based on said control signal, 
Said phase comparing means, said control signal output 
means, and said oscillating means constituting a PLL 
circuit for performing a phase synchronization pro- 
cess on said multiple clock and Said recovered clock, 
said synchronization bop circuit including said PLL 

said reference signal including said multiple dock, 
said comparison output signal including said re covered 
clock. 

10. The digital data transmission system according to 
claim 9, 

wherein said clock recovery circuit further includes 
masking means receiving said recovered frame pulse 
signal, said masking means for disabling said phase 
synchronization when said recovered frame pulse 
signal indicates an active slate. 

11. The digital data transmission system according to 
claim 9, 

wherein Said clock recovery circuit further includes 
synchronization delecting means for detecting whether 
or not said multiple clock and said recovered clock 
is in synchronism with each other to disable said 
phase synchronization process upon detection of 
synchronization. 

12. Tbc digital data transmission system according to 
daim 1, 

wherein said clock multiplexing circuit includes 

dock shaping means receiving said clock and said 
frame pulse signal, said clock shaping means for 
performing a shaping process of doubling said pre- 
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determined period of said clock lo ouipui said mul- 
tiple clock during the lime suid frame pulse signal i>> 
;ic|ivu. 

13, The digital Julu transmission system according io 
claim 12, 

wherein said clock recovery circuit includes: 

phase comparing means receiving the earliest and sec- 
one] carOeM ones of said multiple clock, a first 
delayed multiple ckick, and a second delayed mul- 
tiple clock respectively as Hrsl and second compari- 
son Ki'gnjils for making a comparison between ibe 
phasic oj" said Vurt And second comparison signals, 
control signal output means for outpuiting, a control 
signal on the basis of a result of ihc phase compari- 
son of said phase comparing means, 



10 



said reference signal including said system clock, 
said comparison ouipui signal including said oscillation 
signal, and 

svheroio said cluck recovery circuit further include 
majority means for selecting a logic level of said 
recovered clock among three logic levels which 
said multiple clock, .said firsl delayed multiple 
dock, and said second delayed multiple cjoyk 
indicate, respectively, based on majority rule lo 
output said recovered clock. 
15. A digital dam transmission system ft* tra nsmil ling 
digilal data in a frame synchronization manner, said digital 
data transmission system comprising first to Nib transmit- 
ting portions for transmitting digital data, and a receiving 



parmg means, f l5 portion f or receiving said digilal data, 
lirsl variable delay means for providing a time delay ol ** ^ * :,«r-~ 



25 



30 



40 



n times ;sakl predetermined period (where n is a 
natural number) to said multiple clock on the basis of 
said control signal 10 ouipui said n«t delayed mul- 
tiple clock, and 
second variable delay means for providing a lime delay 
of o limes said predetermined period to said first 
delayed multiple clock on the basis or said control 
signal id output said second delayed multiple dock, 
said phase comparing means, said control signal output 
means* and al least one of said first and second 
variable j del ay means constituting a DLL circuit for 
performing a delay synchronization process on said 
first and'fieoond comparison signals, 
said synchronization loop circuit including said DLL 
circuit, 

said reference signal including said first comparison 
signal, 

said comparison output signal including said second 

comparison signal, and 
wherein said clock recovery circuit further includes 
majority means for selecting a logic level of said 
recovered clock among three logic levels which 
said multiple clock, said first delayed multiple 
clock, and said second delayed multiple clock 
indicate, respectively, based oo majority rule to 
ouipui said recovered clock. 
I4w The dighal data transmission system according to 
claim 12, 

wherein said clock recovery circuit includes: 

phase comparing means for making a comparison 
between the phase of a system clock and the phase of 
ail oscillation signal, 
control signal output means for on (putting a control 
signal on the basis of a result of the phase compari- 
son of said phase comparing means, 
oscillating means for generating said oscillation signal 
al ad Oscillation frequency based on said control 
signal, 

lirsl variable delay means for providing a time delay of 
said ^determined period lo said multiple clock on 55 
ibe basis of said control signal to output a first 
delayed multiple clock, and 

second variable delay means for providing a lime delay 
of said predetermined period to said first delayed 
multiple clock on the basis of said control signal to oo 
output a second delayed multiple clock, 

said phase comparing means, said control signal output 
means, and said oscillating means constituting a PLL 
circuit for performing a phase synchronization pro- 
cess on said system clock and said oscillation signal, 65 

said svnchiomzatioa loop circuit including said PLL 
circuit. 



said first to Nth transmitting portions comprising clock 
multiplexing circuits, respectively* for multiplexing 
first to Nth frame pulse signal* for frame synchroniza- 
tion with firsl to Nlh clocjes having first id Nib period* 
to output first to Nth multiple clocks lo said receiving 
portion, 

said receiving portion comprising: 

a clock recovery circuit for reproducing said first to Nib 
clocks from Said first to Nth multiple clocks to 
provide first to Nth recovered clocks respectively by 
using a synchronization loop circuit for synchroniz- 
ing a reference signal associated with said Qrsi 
multiple clock and a comparison output signal, and 
first to Nth frame pulse signal separation circuits for 
separating said first to Nth frame pulse signals from 
said fiisl lo Nth multiple clocks lo provide first to Nth 
recovered frame pulse signals by using said first lo 
Nth recovered clocks, respectively. 

16. The digilal data transmission system according lo 
35 claim 15, 

wherein said dock recovery circuit has a synchronization 
detection function of delecting whether or not Said 
synchronization loop circuit has synchronized said ref- 
erence signal and said comparison ouipui signal to 
output to said first transmitting portion a synchroniza- 
lion detection signal indicating whether said synchro- 
nization loop circuit is in a locked slate in which said 
reference signal and said comparison output signal am 
synchronized or in an unlocked state in which said 
reference signal and said comparison output signal are 
not synchronized, and 
wbeit in Said clock multiplexing circuit of said first trans- 
mitting portion receives said synchronizatioo detection 
signal, and has an enabling function of forcing said first 
to be ou tpuited inucdy as said first multiple dock 
when said synchronization detection signal indicates 
said unlocked state and of multiplexing said firsl frame 
pulse signal with said firsl clock io output said first 
multiple clock when said synchronization detection 
signal indicates said locked stale. 

17. The digilal data transmission system according to 
claim 15, 

wherein said clock recovery circuit includes; 

phase comparing means for making a comparison 
between I be phase of said first multiple clock and Lbc 
phase of a first delayed multiple clock, 
control signal ouipui means for ou (putting a control 
signal on the basis of a result of the phase compari- 
son of said phase comparing means, 
first to Nth variable delay moans for providing time 
delays of » times said first to Nth periods (where xx 
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is si natural numnor) lo said Jinn fc» Nlh multiple 
clocks commonly on ihu basis oTsaaJ control signal 
10 output lirsi id Nlh delayed mulliplc clucks 
rcs|>cctjvi;ly, and 
first to Nlh logical OR means for OKingsaid first lo Nth s 
multiple clocks aud said first lo Nib delayed mulliplc 
clocks to^Hitpui said first lo Nlh recovered clocks 
respectively, 

said phase comparing means, said control signal output 
means, and said first variable delay means eonstliui- 10 
ins a I>T4/ circuiL for performing a delay synehm- 
nizatiun plroccss on said first multiple clock nnd said 
first delayed multiple clock, 

said synchronization loop circuit including said DLL 
circuit. . -15 

said reference signal including said first multiple cluck, 

r said comparison output signal including said firsl 
delayed multiple clock. 

18. The digital data transmission system according lo 
claim 15, 2Q 

wherein said clock recovery circuit includes: 

pbase comparing means for making a comparison 
between the phase of a system clock and the pbase of 
An oscillation signal, 

control signal outpui means fee cm (putting a control n$ 
signal on: the basis of a result of the phase compari- 
son of said pbase comparing means, 

oscillating oicans for generating said oscillation .signal 
at an oscillatioo frequency based on said control 
signal, . so 

first to Nlhi variable delay means for providing time 
delays of; said first lo Nlh periods to said first to Nth 
multiple 'docks commonly on the basis of said 
control signal to output first to Nib delayed multiple 
clocks respectively, and 35 

hrst to Nib logical OR means for ORing said first to N lb 
multiple clocks and said first to Nth delayed multiple 
clocks to output said first to Nlh recovered docks 
respectively, 

said phase comparing means, said control signal output 40 
means, and said oscillating means constituting a PLL 
circuit far performing a pbase synchronization pro- 
cess on said system clock and said oscillation signal, 

said synchronization loop circuit including said PLL 
circuit. 5 45 

said reference signal including said system clock, 

said comparison output signal including said osculation 
signal. 

19. The digital data transmission system according to 
claim 15, su 

wherein said Ah frame pulse signal separation circuit (i=l 
to If) incluiies 

fixed value detecting moans for detecting whether or 
not *ald kh multiple clock maintains a fixed value for 
Said iih period to outpm said ith recovered frame 55 
pulse signal which is active when said itb multiple 
clock maintains said fixed value for Said ith period 
and is mactive otherwise. 

20. A digital idata transmission system for transmitting 
digital data in a [frame synchronization manner, said digital so 
data transmission syMom comprising first und second trans- 
milling and receiving portions for transmitting digital data 
and for receiving digital data, 

said first transmitting and receiving portion comprising 
a first clock m ultiplexing circuit for multiplexing a first 65 
frame pulse signal for frame synchronization with a 
first clock having a predetermined period to output a 



firsl mulliplc clock to said second iransmiiiing and 
receiving portion, 
said second transmitting and rueeivintj portion com- 
prising 

a second clock multiplexing circuit lor multiplexing a 
second frame pulse signal for frame synchronization 
with a second clock having said predetermined 
period Lo output a second multiple clock to said first 
transmitting and receiving portion, 
said Hrst transmitting and receiving portion further com- 
prising: 

a first clock recovery circuit for reproducing said 
second dock as a first recovered clock from said 
second multiple clock to provide said first recovered 
clock by using a first Synchronization loop circuit for " 
synchronizing a first reference signal ^ associated with 
said second multiple clock and a first comparison 
output Signal, said firsl clock recovery circuit having 
a synchronization detection function of detecting 
whether or not said firsl reference signal and said 
first comparison output signal have been synchro- 
nized to output a first syncnronfcalion detection 
signal indicating whether said first synchronization 
loop circuit is in a locked stem in which said first 
reference signal and said first comparison output 
signal are synchronized or in an unlocked slate in 
which said first reference signal and said first com- 
parison output signal are not synchronized, and 

a first frame pulse signal separation circuit for separat- 
ing said second frame pulso signal as a first recov- 
ered frame pulse signal from said second mulliplc 
clock to provide said first recovered frame pulse 
signal by using said first recovered dock, 
said second transmitting and receiving portion further 

comprising: 

a second clock recovery circuit for reproducing said 
first clock as a second recovered clock from said first 
multiple dock to provide said second recovered 
clock by using a second synchronization loop circuit 
for synchronizing a second reference signal associ- 
ated with said first multiple clock and a second 
comparison output signal, said second clock recov- 
ery circuit having a synchronization detection func- 
tion of detecting whether or not said second refer- 
ence signal and said second comparison output 
signal have been synchronized to output a second 
synchronization detection signal indicating whether 
said second synchronization loop circuit is in a 
locked state in which said second reference signal 
and said second comparison output signal are syn- 
chronized or in an unlocked state in which said 
second reference signal and said second comparison 
output signal are not synchronized, and 

a second frame pulse signal separation circuit for 
separating said firsl frame pulse signal as a second 
recovered frame pulse signal from said first mulliplc 
clock lo provide said second recovered frame pulse 
signal by using said second recovered clock, 

wherein said first clock multiplexing circuit of said first 
transmitling and receiving portion receives said first 

- synchronization detection signal ? and has an 
enabling function of forcing said first clock to bo 
ourputtcd iniaclly as said firsl multiple clock when 
said first synchronization detection signal indicates 
said unlocked stale and of multiplexing said first 
frame pulse signal with said first clock to output said 
firsl multiple clock when said first synchronization 
detection signal indicates said locked state, and 
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wherein sakl second clock multiplexing circuit of said 
second uansrn Tiling and receiving portion receives 
said second synchronr/.alion dotce(k)n -signal, and 
has un enabling function of ioreiogsuid second clock 
to beoutpuiled inloelly as said second multiple clock 
when saxd .second synchronization detection signal 
indicates sak) unlocked slate and of multiplexing 
said second frame pulse signal with said second 
clock to output said second multiple clock when suid 
second syndrom /aLion detection signal indicates 
said kicked slate. 

21. A transmission circuit for transmitting digital data let 
a reception circuit through a first transmission line, com- 
prising; 

a clock multiplexing circuit receiving a clock and a frame J5 
pulse signal for frame synchronization for multiplexing, 
the frame pulse signal with the clock to output a 
multiple clock to the reception circuit through a second 
transmission line different from (he first transmission 
line, wherein said clock multiplexing circuit receives 2Q 
an enable signal, said clock multiplexing circuit out- 
pulling Ihe clock ralacUy as ibe multiple signal when 
the enable signal is in a first state and multiplexing die 
frame pulse signal with the clock when the enable 
signal is in a second state. 

22. Tbc transmission drcnil according to claim 21, 
where ro 

said clock multiplexing circuit includes 3 clock shaping 
circuit for masking the clock at a fixed level value for 
at least one cycle of ibe clock in response to the frame 30 
pulse signal. 

23. Ibe transmission circuit according to claim 22, 
wherein said clock shaping circuit includes a two-input 
logical gale circuit receiving the clock and the frame pulse 

24. The transmission rareeit according to claim 22, 
wherein said clock shaping circuit doubling a cycle of the 
clock. 

25. The transmission circuit according to claim 21, 
wherein said clock multiplexing circuit including a clock ^ 
shaping circuit for varying a cycle of the clock in response 

to said frame signal. 

26. A reception circuit receiving digital data from a 
transmission circuit, comprising: 

a dock recovery circuit receiving a multiple clock for 45 
repmducing a recovered clock from ibe multiple clock, 
wherein said deck recovery circuit includes a synchro- 
nization loop circuit for generating the recovered clock; 
and 

a frame putse signal separation circuit receiving the so 
multiple clock, for separating a frame pulse signal for 
frame synchronization from lbs multiple dock using 
the clock output from said clock recovery circuit, 
wherein said! clock recovery circuit includes: 

phase comparing means for making a comparison 
between the phase of said multiple clock and ibe 
phase of a delayed multiple clock, 
control signal output means for outpuiting a control 
signal on the basis of a result of the phase compari- 
son of said phase comparing, moans, and 
variable delay means for providing a dme delay of n 
limes said predetermined period (wherein n is a 
na rural number) to said multiple clock on the basis of 
said control signal to output said delayed multiple 
clock, 

said phase comparing means, said control signal output 
means, and said variable delay means constituting a 
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DU. circuit for performing a delay synchronic lion 
process on said multiple clock and said delayed 
multiple clock, 
hhid synchmui/,aliun loop circuit including said Ul.K 
circuit, and 

wherein said clock leeovcry circuit further includes 
logical Oil means for OHing said multiple clock and 
said delayed multiple clock to output Said recov- 
ered clock. 

27. A reception circuit receiving digiLal dula from u 
transmission circuit, comprising: 

a clock recovery circuit receiving, a multiple clock for 
reproducing a recovered clock from the multiple clock; 
and 

a frame pulse signal separation circuit receiving ibe 
multiple clock, lor separating a frame pulse signal for 
frame synchronization from the multiple clock using 
the clock output from said clock recovery circuit, 

wherein said frame pulse signal separation circuit 
includes 

fixed value detecting means for delecting whether Or 
nol said multiple clock maintains a fixed value for 
said predetermined period to output said recovered 
frame pulse signal which is active when said mul- 
tiple clock maintains said fixed value for Said pre- 
determined period and is inactive otherwise. 

28. A reception circuit receiving digital data from u 
transmission circuit, comprising: 

a clock recovery circuit receiving a multiple clock for 
reproducing a recovered clock from the multiple dock, 
wherein said dock recovery circuit includes a synchro- 
nization loop circuit for genera Ling the recovered dock; 
and 

a frame pulso signal separation circuit receiving the 
multiple clock, for separating a frame pulse signal for 
frame synchronization from the multiple dock using 
the clock output from said clock recovery circuit, 
wherein said clock recovery circuit includes; 

phase comparing means receiving the earliest and sec- 
ond earliest ones of said multiple clock, a first 
delayed multiple dock, and a second delayed mul- 
tiple clock respectively as first and second compari- 
' son si gnals Cor making a comparison between tbc 
phases Of said first and second comparison signals, 
control signal output means for outpuLiing a control 
signal on the basis of a result of the phase compari- 
son of said phase comparing means, 
first variable delay means for providing a time delay of 
n limes said predetermined period (where n is a 
natural number) to said multiple clock on the basis of 
said control signal to output said first delayed mul- 
tiple clock, and 
second variable delay means for providing a time delay 
of n limes said predetermined period 10 said first 
delayed multiple clock on the basis of said control 
signal to output said second ddayed multiple clock* 
said phase comparing means, said control signal output 
means, and a I least one of said first and second 
variable delay means constituting a DLL circuit for 
performing a delay synchronisation process on 6* id 
first and second comparison signals, 
said comparison output signal including said second 

comparison signal, and 
wherein said clock recovery circuit further includes 
majority means for selecting a logic level of said 
recovered clock among three logic levels which 
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said multiple dock, said lirsi delayed multiple 
duck, and -said second dehyed mull! pic clock 
indicates, respectively, based on majority rule lo 
output .said recovered clock. 
29, A rucopiibn circuit receiving digital data from 
transmission circuit, comprising; 

a clock recovery circuit receiving a multiple clock tor 
reproducing a recovered clock from the multiple clock, 
wheruin said clock rca>very circuit includes a synchro- 
nization Uicip circuit lor generating the recovered clock; 
and 

a frame pulse signal separation circuit receiving the 

multiple clock, for separating a frame pulse signal for 

frame fiynchroni/aiion from ibe multiple clock using 

tho clock output from said clock recovery circuit, 
wbcrcin said block recovery circuit includes: 

phase comparing means tor making a comparison 
between the phase of a system clock ami the phase of 
an oscillation signal, 

control signal output means Tor outpulting a control 
signal on the basis of a result or tho phase compari- 
son of said phase comparing means, 

oscillating means for generating said oscillation signal 
at an oscillation frequency based oo said control 
signal, * 

first variable delay means for providing a lime delay of 
said predetermined period to said multiple clock on 
ihe basis of said control signal to output a fkist 
delayed multiple clock, and 

second variable delay means for providing a time delay 
of said predetermined period to said first delayed 
multiple, clock oh ibe basis of said control signal lo 
output a; second delayed multiple clock, 

said phase comparing means, said control signal output 
means, and said oscillating means constituting a PLL 
circuit for performing a phase synchronization pro- 
cess on said system clock and said oscillation signal. 

said synchronization loop circuit including said PLL 
circuit, and 

Wherein said clock recovery circuit further includes 
majority means for selecting a logic level of said 
recovered clock among three logic tevels which 
said multiple clock, said first delayed multiple 
clock* and said second delayed multiple dock 
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indicate, respectively, based on majority rule to 
output said recovered clock. 

30. A transmission circuit Tor transmitting digital data io 
a reception circuit through a first transmission line, com- 
prising: 

a clock multiplexing circuit receiving a elock and a frame 
pulse signal for frame synchronisation for multiplexing 
the frame pulse .signal with the clock to output a 
multiple clock lo I he reception circuit through a second 
transmission linu dlilcrcnt from the lirsl transmission 
line, 

said clock multiplexing circuit including: 

a latch receiving the frame pulso signal and the clock, 
and delaying said frame pulse signal by half a clock 
cycle of the clock lo a output a delayed frame pulse 
signal; and 

a iwo«inpiii logic gate circuit receiving the delayed 
frame pulse signal and the clock signal and output- 
ting the multiple clock. 

31. A transmission circuit for transmit ting digital data lo 
a reception circuit through a first transmission line, com- 
prising: 

a clock multiplexing circuit receiving a clock and a frame 
pulse signal for frame synchronization for multiplexing 
the frame pulse signal with the clock to output a 
multiple clock to the reception circuit through a second 
transmission line different from the first transmission 
line, 

said clock multiplexing circuit including: 

a. first latch receiving the frame pulse signal and tho 
clock, and delaying said frame pulse signal by half a 
clock cycle of toe clock lo output a first delayed 
frame pulse signal; 
a second latch receiving the first delayed frame pulse 
signal and the dock, and delaying said "first delayed 
frame pulse signal by half a clock cycle of the clock 
io output a second delayed frame pulse signal; and 
a selector receiving said first and second delayed pulse 
signals, and selecting one of said first and second 
delayed pulse signals in response to the dock to 
output the multiple dock. 
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